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PRINCIPLES OF'GEOLOGY 


BOOK II. 

> Aqueous continued, 

CHAPTER VI. 

DESTROYING AND TRANSPORTING EFFECTS OF^{j^IDES AND 
CURRENTS. “ 

Differences in the rise of the tides — Rennell’s Account of the 
Lagullas and Gulf currents — Velocity of curwints — Cau.ses of 
currents — Action of the sea on the British coast (p. 
Shetland Islands — Large blocks removW — Effects of light- 
ning — Isles reduced to clusters of rocks — Orkney Isles — 
Eas^ coast of Scotland (p. 19.)~-^ast coast of England — 
Waste of the cliffs of Holdemess* JNTorfolk, and 5ffiffblk — 
Silting u^iof estuaries (p. 27.)— Origin of submarine forests 

— Yarmouth estuary — Suffolk *coast — Dunwich (p. ^1.) — 
Essex coast — Estuary of the lliames — Goodwin Sands — 
Coast of Kent — Formatiofi of Straits of Dover (p. 39*) — 
South coast of England — Sussex — Hants — Ejirset >— 

. Portland — Origin of the Giiecdl Bank (p.^7.) — Cornwall 

— Coast of Byttany, 

A.LTHOUGH the movements of great bodie^ of water, 
^rmed tides and currents, are in general due ,to very 
distinct causes, their effects cannot be studied separ- 
ately ; for they produce, by their joint action, those 
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which are objects of geological interest, 
lateen may bejricwed in the same man|icr as we 
b^fyte ci^idered riven, first, as employed in destroy- 
ihg portions of th^sqlid crust of the earth, and remov- 
ing them to other place# ; secoi^dly, as reproductive of 
^new strata. a 

Tides . — It would be superfluous at tl^e present day 
to offei^anyVemark^n the cause of the tides. They 
are not perceptible in lakes,* or in*most inland seas; 
in^the Mediterranean even» deep and extensive as 
is that sea, they are 8carce4§r sensible •to ordinary 
■observation,* them effects bcin|> qiptc subordinate to 
those of the winds and currents. In some places 
boweTer^as in the Straits of Messina, there is an 
ebb and fmr to the amount of two feet and upwards ; 
at Naples and at the Euripus, of twelve or thirteen 
indhes; and at Venice, according to Eennell, of five 


feet** In the Syrtes, also, of the ancients, two wide 
fallow gulfs which penetrate very far within the 
nortjiern coast df Africa, between Carthage and Cy- 
jsne, the rise is saiddip exceed five fect.f 
^In ^ands remote from any continent, the ebb and 
of the ocean is very slight, as at St. Helena, for cx^ 
^ven^ where it is rarely above three fect.J In any 
f"^*^5ine of <!ioast, the tides are greatest in narrow 
bays, and estdagesf and least in the interven- 
2y^^t8 wWe the land is prominent. Thus, at the 
of .the estuary oAhd Thames and Medway, 
™ of the spring-tides is eighteen feet ; but when 
• r eastern coast from thence northward. 
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tovi^ards Loii^estofF and Yamouth^ we find a gradual 
diminution, until, at the places last mentioned, high* 
cst rise is only seven or eight feet. FromT^hts point 
there begins again to be an increase, so that at Cromer, 
where the coast again retires towards the west, the * 
rise is sixteen feet ; and towards thife extremity of the 
gulf called “ the Wash,*’ as at Lynti and in Boston 
«decps, it is from ♦wenty-two to twenty *four ffee% and in 
some extraordinary cases twenty-six feet. From 
thence again there is a decrease towards the north, 
the elevation at the Spiim Point betng from jilnet^en 
to twenty feet, and at Flamborough Head and the 
Yorkshire -coast from fourteen to sixteen feet.^ 

At Milford Haven in Pembrokeshire, at ^die mouth 
of the Bristol Channel, the tides rise thirty-six feet ; and 
at King- Road near Bristol, forty-two feet. At Chepstow 
on the Wye, a small river which opens into the estuary 
of the Severn, they reach fifty feet, and sometimes sixty** 
nine, and even seventy-two feetif A current which 
sets in on the French coast, to the west of Caps La 
Hague, becomes pent up by Guei^lhey,,Tersey, and othelr 
islands, till the rise of the tide is from twenty to fbrty- 
five feet, vliich last height it attains at Jersey, and 
at St. Malo, a seaport of BritSemy. 

CitrrcTifs. — The most qxtensjve and best determined 
system of currents, is that which has its Source in the 
Indian Ocean, under the influence of thb trad^iuds; 
and which, after doubling the Cape of Good Hope, 
inclines to the northilard, along the western ^coast of 
Africa, then crosses the Atlantic, near th^ eqtiatoi*, 
and is lost in the Caribbean 8ea, yef seems to be agab 

* The height) of these tides are given on the aatbodiy 
Captain Hewett, R.N. 

f On the authnri^of Ci^tslSi BSImavit, 
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revived in the current Mihich issues frorf the gul^of 
Mexico, Jby the straps of Bahama, and fioifs rapidly 
in a norA-easterly direction by the bank of New- 
foundland, toward%tlie Azores., , 

• learn from the posthumous^work of Rennell on 
\hi8 subject, that the Lagullas current, so called from 
the cape and banic of that name, is formed by the 
junction of* two streams, flowing ‘(rom the Indian 
Ocean; the one from the ehannel of Mozambique, 
down the south-east coast of Africa ; the other, from 
the OQean at large. The ccfKective stream is from 
^ninety to ont hui»dred miles iif br^dth, and runs at 
the rate of from two and a haif to more than four 
miles pe% hour. It is at length turned westward by 
the Laf^llas bank, which rises from a sea of great 
depth to within one hundred fathoms of the surface. 
It must, therefore, be inferred, says Rennell, that the 
current here «s more than one hundred fathoms deep, 
otherwise the main body of it would pass across the 
^nl^ instead or1)eing deflected eastward, so as to 
flow round tf!e Cape^of Good Hope. From this cape 
it flowa northward, along the western coast of Africa, 
taking the name of the South Atlantj^; current. 
It t]^en enters the Bight, or Bay of Benin, and is 
turned westward, partly b^ the form of the coast 
there, and partly, perhaps, by the Guinea current, 
whichf runs ^om the north into the same great 
bay. •From the centre of this bay proceeds the 
Equatorial current, holding a w^terly direction across 
the Atlantic, which it traverses, from the coast of 
Guinea to that df Brazfl, flowing afterwards by the 
diores of Guiana to the West Indies. The breadth of 
this current varies from 160 to 450 geographical miles, 
. md its velodty is froHi tii:wty:five to seventy-nine 
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miles per day, the mean rate^being about thirty miles. 
T)ie leng|h of its whole course is about 4QpO miles. 
As it skirts the coast of Guinea* *t is increyl^ by the 
influx of the waters of the Amazon and Orinoco, and 
by their junction ac<)uires accelerated velocity. After « 
passing the island of Trinidad, it# expands, and i^ 
almost lostinjthe Caribbean Sea; blit there appears to 
be a general movoment*of that sea towards the Mexi- 
can gulf, which discharges the most, powerful of all 
currents through the straits of Florida, where .J;he' 
waters rup In the northern part with a velocity^of five 
miles an hour, hs^ving*^ breadth of jfrom ithirfy-fivft tO;p 
fifty miles. ^ 

The temperature of the gulf of Mexico is 86®, 
in summer, or 6® higher than that of the ocean, 
in the same parallel (25® N. lat.), and a iSrge pro- 
portion of this warmth is retained, even where the 
stream reaches the 43® N. lat. Afte 4 issuing from 
the straits of Florida, the current runs in a northerly 
direction to Cape Hatteras, in North Carolina, about 
35° N. lat., where it is more th|L 9 seventy miles broad, 
and ^ill moves at the rate of seventy-five miles per day. 
In about (he 40® N. lat., it is tuAied more towards the 
Atlantic by the extensive banks of Nantucket, and St. 
George, which are from 200 to 300 feet beneatli the 
surface of the sea ; a clear prdof that tl\p current ex- 
ceeds that depth. On arriving near tjae Azoii^^^s, the 
stream widens, and overflows, as it were, formin^a large 
expanse of w^rm water in the centre of the North 
Atlantic, over a space of 200 or 300 miles front north to 
south, and having a temperature of fsom 8® td 10® Fahr. 
B\)ove the surrounding ocean. The whole area, covered 
by the gulf water, is estimated by Rennell at 2000 miles 
in length, and, at a iiiesuiji;B50aniles in ^r#adth ; an area 
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more extensive than that of the Mediterranean. The 
warm w^ter has been sometimes known to f each the 
Bay of Bi^ay, still rct^inii]^ five degrees of temper- 
ature above that of tj^e adjoining ocean, ^ and a branch 
i^of the gulf current occasional^ odrifls fruits, plants, 
«uidr wood, the produce of America, and the West 
Indies, to the shorfis of Ireland, and the JBiebridcs. 

The above statements prepare us *tp understand the 
description, given by Renncl]„of the*principal currents, 
wh^ch, he says, are oceanic i rivers, from fifty to 250 
miles in breadth, having a i^)idity exefeeding that 
^f tile Tafgesi navigable rivers o^ the continents, and so 
deep as to be sometimes obstructed, and occasionally 
turned aside, by banks which do not rise within forty 
or fifty fathoms of the surface of the sea.^ 

GreaJt&t Velocity of Curre^Us. — The ordinary velo- 
city of the principal currents of the ocean is from one 
, to three miles^per hour ; but when the boundary lands 
converge, large bodies of water arc driven gradually 
into a narrower sfAce, and then wanting lateral room 
are com^ielleU to raisp their level. Whenever this 
occurs, their velocity is much increased. The cillfrent 
which runs tlirough the Race of Alderney,, between 
the island of that name and the main land, has a velocity 
of above eight SngUsh miles an hour. Captain Hewett 
found that, in JLhe Pentlsdiciy^irth the stream, in ordinary 
spring tides, n^yns ten miles and a half an hour, and 
about tiirteen miles during Solent storms. The greatesi 
velocity of the tidal current through th^ “ Shoots,” oi 
New I^i^age, in the Bristol Channel, is fourteen £n 
gUsh milek an hour ; and Captain King observed, ii 
his recent survey of the Straits of Magellan, that thi 
tide ran at the same rate ttopugh the First Narrows.' 

Rennell Sn CcU^rtnt!, p* 58. 
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Causes of Currents * — That movements of no incons- 
iderable magnitude sliould«be impressed on an expan- 
sive oc^n, by winds blowing many moi^ths in one 
direction) may easily bd conceived, whel^e observe 
the effects produced in our owif stas by the temporary 
action of the 8am*e cause. * It is well hnown that ft 
strong south-west or north-west iiAnd invariably raises 
the tides to* an unusual height along the east coast of 
England and the Channel ; and that a north-west 
wind of any continuance causes the Baltic to rise two 
feet and jupwards aboVe its ordinary level. Smeaton 
ascertained by exp^iment that, in a canal ^ur miles 
in length) the Vater was kept up fouf inches liighsr 
at one 'end than at the other, merely by the action of 
the wind along the canal ; and Bennell informs us that 
a large piece of water, ten miles broad, and generally 
only three feet deep, has, by a strong wind, had its 
waters driven to one side, and sustained so as to be- 
come six feet deep, while the windward side was laid 
dry.* , 

As water, therefore, he observes, when jegt up so 
bh^t it cannot escape, acquit a higher level, so, in a 
place where it can escape^ the^ame operation produces 
a current ; and this current will extend to a greater or 
Less distance, according to the force by whjch it is 
produced. , ^ 

Currents flowing alterflately in opposite directions 
are also occasioned by# the rise adCi fall of the tides^ 
The effect* of this cause is, as before obsdl'ved, most 
striking in ‘Estuaries and channels between islands. 

A third cause of oceanic currents is evaporation 
by solar heat, of which the "^great current setting 
through the Straits of Gibraltar into the Mediter- 

* EenneU on the ChAnnebcunent 
* 4 
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ranean is a remarkable example, and wj)l be fully 
considered in the next clmpter. A stream of colddr 
water als^flows fromdthe Black Sea into the Mediter- 
ranean. IrVnust happen in*many other parts of the 
world that large qirtintities of \Vater rai^^d fiom one 
fracttof the ocean by sol&r heat, arc carried to some 
other where the va^ur is condensed and falls in the 
shape of rain.^and this in flowing back^ again to restore 
equilibrium, will cause sensible currcittt». 

But there is another way in which heat and cold 
musf occasion currents in the oc|'an. It is i)ow ascer- 
, taine^ tk4; there is no maximuin of density in salt 
i9ktcr — no po'int, al in fresh water, at which an in- 
crease of cold causes die fluid to begin again to 
cx[)and. Whenever, therefore, the ten^perature of the 
surface is Ipwered, condensation takes place, and the 
superficial waUr, having its specific gravity increased, 
falls to the bottom, upon which lighter water rises 
flnmediati'ly anef occupies its place. When this circu- 
latimn of ascendingjivMd descending currents has gone 
on for a certaiq time in high latitudes, the inferior 
parts of the sea are made to consist of colder or heavier 
fluid tban^he corrcspoi^jdmg depths of the ocean be- 
tween the tropics. If ther^be a free communfeation, 
"^f no chain of submarine mountains divide the polar from 
the equatorial basins, a horij^ontalmovement will arise by 
the flowing of edider water ffom the poles to the equa- 
tor, and there will tlien be a reflux of warmer superficial 
water from the equator to the poles. A welbkiiown ex- 
periment h||s been adduced to elucidate tit is mode of 
actioti in explanation of the ^ trade winds.’** If a long 

^ See Capt. B. Hall's clear Explanation of the Theory of tlic 
Trade Winds, Fragments of Voyages, second series, vol. i. and his 
letter in the Appendix to Danielfg Meteorology. 
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tr^ough, dMdcd in the middle by a sluice or partition, 
have onl| end filled with water and the other with 
quicksilver, both fluids will nemain quief^o long as 
they' are divided; but when the |luice is drawn up, 
the heavier fluid will rush along the bottom o^ the* 
trough, while the lighter, being dispfoced, will rise ; and*, 
flowing in an opposite direction,^ spread itself at the 
top. Hence it. Appears, that the expansion and con- 
traction of sea-water by heat and cold have a ten- 
dency to set under-curronts in motion from the poles to 
the equator, and to counter-currents at tl^ surface 

which are impelled fh a direction* contrary to thUt cf 
the prevailing trad^winds. The circumstances being 
very complicated, we cannot expect to trace separately 
the movements ^due to each cause, but must be pre- 
pared for many anomalies, especially as the configur- 
ation of the bed of the ocean must often modify and 
interfere with the course of the inferior currents, as • 
much as the position and form^of continents aqd 
islands are found to alter the directfbn of those on the 
surface. < • 

£ach of the four causes above mentioned, tjie wind, 
the tides:^ evaporation, and expansion of water by heat, 
may be conceived to operate independently pf the 
others, and although the influence of^ll the rest were 
annihilated. But there is another causa, the rotation 
of the earth on its axis, which can only come into play 
when the waters have already been set in motion by 
some one or all of thte forces above described, and only 
when the direction of the current so raised happens 
\o be from south to north, or frompnorth to south.* 


* In an interesting essay in Ibe United Service Journal (Dec. 
1833), an attempt is made to intrcaluce the.eat|ltb*s rotation as a 
J, . B 5 
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The principle on whiclj this cause opefates is prg* 
bably fktiuliar to the reader, as it has Icfig been 
recognizedf^n the case the trade winds. Without 
enlarging, therefor^ an the theory, it wi^ be sufficient 
to o(Per an eTcample of the mode of action alluded to. 
When a current Honrs from the Cape of Good Hope 
towards the Gulf (fiT Guinea, it consists /)f a mass of 
water, which* on doubling the tape, *ip lat. 35°, has a 
rotatory velocity of about 800 miles an hour ; but 
when it reaphes the line, it airives at a parallel where 
the sur^ce of the earth is whfi<ed round *at the rate 
%f l&OO miles'an hour, or about miles faster.* If 
this great mass of water was transferred suddenly 
from the higher to the lower latitude, the deficiency 
of its rotatory motion, relatively to the land and water 
with which it would^come into juxtaposition would be 
such as to cause an apparent motion of the most rapid 
*kind (of no Icsss than 200 miles an hour) from east 
ta west. ^ 

In the case of^such a sudden transfer the eastern 
coast of America might be carried round so as to 
strike against a large body of water with tremendous 
violence, and a considerable part of the continent might 
be 8i:y[>mGrged. This disturbance does not occur, 
because the wat&r of the stream, as it advances gra- 
s ft 

primaiy cause of cArents* But Him autfior appears to misconceive 
the modern which alone this ^rotation could pr^uce any effect, 
and fuasous as if it would in aA latitudc#cause currents from east 
to .whsV iSft a^lso seems never to have heard of Mr. Lloyd's level* 
Uhgibeross the Isthmu# of Panama, by which the waters of the 
Mexico are proved (if there be any difference) to be lowei 
die mean level of the Facifit^ and he also assumes that the 
qua^ttitjr of rain is greatly in exceai'iii Mgh instead of low latitudes. 
, * Sec a table !h Capt. Hal]\ woi^ befbre cited. 
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dually into* new zones of the sea which are moving 
more ra^pidly, acquires by friction an accelerated ve* 
locity. Yet as this motion dot impar^A instant- 
aneously, the fluid is unable tq keep up with the full 
speed of the new sprfacc over which it is successivel;y^ 
brought. Hence, to borrow the language of Hersche}, 
when he spepks of the trade winds, it lags or hangs 
back, in a direction o'^posite to the earth s rotation, 
that is, from easf to we$t*,** and thus a current which 
would have run simply 4:oward6 the north but for, the 
rotation, ihay acquine*a relative direction towards the 
west, or become; a sa&th-easterly qurrent. ^ 

We may next donsider a case where the circum- 
stances are the converse of the above. The Gulf 
stream flowing from about lat. ^0% is at first impressed 
with a velocity of rotation of about 94<0 mildk an hour, 
and runs to the lat. 40\ where the earth revolves only 
at the rate of 766 miles, or 174« miles ijower. In this, 
case a relative motion of an opposite kind may result; 
and the current may retain an^oxcess of rotatory 
velocity, tending continually {p, deflect '*it ea^ward. 

Thus it will be seen that currents depend like the 
tides oi\ no temporary or acAidental circumstances, 
but on the laws which preside over the motions of the 
heavenly bodies. But although the* sum of tlieir in- 
fluence in altering the^suffdbe of the, earth, may be 
very constant throughout successivc^epochs, yet the 
points where these o[leration8 are displayed jn fuflest 
energy shifl;*^perpe4ia]ly. The height to which the 
tides rise, and the violence and velocity o# currents, 
depend in a great measure on thcu actual configurcdioii 
of tlie land, the contour of a long line of continental or 

* Treotifle cm Astlonomy, chaplO. 

B.6 
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insular coast) the depth and breadth of channels, the 
peculiar form of the bottom of seas — in a iford^ on 
a combination of cii^uinstauces which are made to 
vary continually by^%ny igneous and aqueous causes, 
and) among the rest, by.the ticfes and currents them- 
.<^lves. Although ihese agents, therefore, of decay 
and reproduction are local in reference Jo periods of 
sliort duratioit) such as those wTiich history embraces, 
they are nevertheless universal^ if we extend our views 
to a^ufiicient lapse of ages. • 

Action of tihc Sea on the British Coasts. — K' we follow 
Ike ^st^ and southern shores fif th^ British islands, 
from our Ultima Thule in Shetland^to the Land’s End 
in Cornwall, we shall find evidence of a series of 
changes since the historical era, very illustrative of 
the kind and degree of force exerted by tides and 
currents, co-operating with the waves of the sea. In 
dhis survey we* shall have an opportunity of tracing 
thgir joint power on islands, promontories, bays, and 
estuaries ; on bold,^ofly cliffs, as well as on low shores; 
and on every descriptian^f rock and soil, from granite 
to blown ^and. * 

Shetland Islands. — The northernmost groiqp of the 
British^ islands, the Shetlaitd, are composed of a great 
variety of rocks, ^including granite, gneiss, mica-slate, 
serpentine, greenstone, &nd many otli^rs, with some 
secondary rocks, #chiefly sandstone and conglomerate. 
These iskinds are exposed continually to the uncon- 
trolled violence of the Adantic, fo^ no lai^ intervenes 
between tffeir western shores and America. The pre- 
val^ce, therefore, of strong westerly gales causes the ^ 
#aves to be sometimes driven with irresistible force 
upon the coast, while there in also a current setting 
from the north.* The spra^ of idte sea aids the decom- 
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position of the rocks, and prepares them to be breached 
by the nfechanical force of tfie waves. Steeg cliiFs are 
hollowed out into deep ^aves, add lofty aj^Aes; and 
almost every ^promontory ends jn^a cluster of rocks, 
imitating the forms ^f columns, pinnacles^ and obelisks., 
Drifting of large Masses of Modern observ* 

ations show (hat the reduction of continuous tracts to 
such insular mpses is a process in which Nature is 
still actively engaged, The Isle of Stenness," says 
Dr. Hibbert, “ presents^ a scene of unequalled desola- 
tion. In Stormy wimt^rs, huge blocks of stones arc 
overturned or arc rewfoved from tl|eir native'iSedsf ant^ 
hurried. up a slighV acclivity to a distance almost in- 
credible. In the winter of 1802, a tabular-shaped 
mass, eight feet two inches by seven feet, and five 
feet one inch thick, was dislodged from it^ bed, and 
removed to a distance of from eighty to ninety feet. I 
measured the recent bed from which ajiilock had been , 
carried away the preceding winter (a. d. J818), and 
found it to be seventeen feet and aiialf by seven feet, 
and the depth two feet eighf inches.^ The* removed 
mass had been borne to a distance of thirty feet, when 
it was sVivered into thirteen oi'more lesser fragments, 
some of which were carried still farther, from 30 to 
120 feeu A block, nine feet two kiches by six feet 
and a half, and four fSet^tUick, was hurried up the 
acclivity to a distance of ISO feet.” \ 

At Northmavine, a*l8o,*angular blocks of sifine have 
been removed in a eimilar manner to considerable dis- 
tances by the waves of the sea, some of which are re- 
^ presented in the annexed figure.-j^ 

* Dcscrip. of Shetland Islands, p. 527. Edin. 1822. 
f For this and the three Ibltowing representations of rocks in 
the Shetland Isles, 1 am indebtefl to Dr. Hihbert's work before 
icited, which is rich in antiquarian and geological research. * 
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Stony fragmerUs drifted by the sea, Northmaviiiey Shetland, 

m 

Effects of Lightning, — In addition to numerous 
examples of masses detached and driven by the waves, 
tides, and currSnts from their place, some remarkable 
ellects of lightning ^are recorded in these isles. At 
Funzi^, in Fetlar, ^out the middle of the last century, 
a rock of mica-schist, feet long, ten feet broad, and 
in some places four feet thick, was in an instant torn 
by a flash of lightning from its bed, and broken into 
three large, and several smaller, fragments. One of 
these, twenty-six* feet Icmg, t^n feet broad, and four 
feet thick, was«simp1y turaed over. The second, which 
was twenty-eighrfeet long, jfevepteen broad, and five 
feet in thickness, was hurled across a higH point to the 
distance of fifty yards. Another broken Amass, about 
foity feet*long, was thrown still farther, but in the 
irnme direction, quitb into the sea. There were also 
many smaller fragments scattered up and down.*^ 
M^en we thus see electridly co-operating with the 

A • 

Dr. HibbeA, from MSS. o(Rey« George IjOw, of Fetlar. 
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violent moi^ments of the ocean in heaping up piles of 
sliatteref rocks on dry lanif, and beneath t^e waters, 
we cannot but admit tha( a rqgidh which sjtdll be the 
theatre, for myriads of ages, of {h^ action of such dis- 
turbing causes, might present, at some fiiture period^ 
if upraised far above the bosom of fleep, a scene of 
havoc and ri|in that may compare Irith any now found 
by the geologist on th^ surface of eur continents. 

In some of the Shetland Isles, as on the west of 
Meikle Roe, dikes, or, veins of soft granite, have 
moulderedt away ; wbil% the matrix in which they were 
inclosed, being gf tl)i same Bubsti|nce, but df a firmei; 
texture,, has remained unaltered. Thus, long narrow 
ravines, sometimes twenty-feet wide, are laid open, and 
often give access to the waves. After describing some 
huge cavernous apertures into which the sdh flows for 
250 feet in Roeness, Dr. Hibbert enumerates other 
ravages of the ocean. “ A mass of rqck, the average^ 
dimensions of which may perhaps be rated at twelve or 
thirteen feet square, and four and hhalf or five in thick- 
ness, was first moved from bed, about fift^ years 
ago, to a distance of thirty feet, and has since been 
twice tqrned over.” • 

Passage forced by the sea through porphyritk rocks^ 
But the most sublime scene is whare a muraf pile of 
porphyry, escaping thd process of disintegration that 
is devastating the coast, appears to lytve been left as a 
sort of rampart again*st tSe inroads of the oce^n ; — the 
Atlantic, w^en pisovoked by wintry gales, batters 
against it with all the force of real artillery — the 
^ waves having, in their repeated assaults, forced them- 
selves an entrance. This breach, named the Grind of 
the Navir (Fig. IS-)* isjwidened every winter by the 
overwhelming surge diati finding a paij/sage through it, 



(rrintl qf the Navif’-- Passage /weed hy the sea throiig rocks (/hard 
porphyry. 

seBarates large stones from its sides, and forces them 
to a distance of no fess than 1 80 feet. In two or three 
spots, the fragments which have been detached are 
brought tegether in immense heaps, that appear as an 
accumulation of cubical masses, the product «f some 
quarry.” * • 

It is evident, frtnn this example, that although the 
greater indestructibility oFseme rocks may enable them 
to withstand, foi»a longer time, the action of the 
elements,*yet they cannot permanently resist. There 
are locdities in Slietland, in which roc](s of almost 
every variAy of mineral composition are suffering dis- 
integration ; thus tiie» sea makes great inroads on the 
day slate of Fitfel Heed, on the serpentine of the 


Hibbeil, p. 528. 
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Voril Mill Ui Fetlar, and on the mica-schist of the 
BSy of l]^iesta, on the east coast of the sanje island; 
which decomposes into angular blocks. quartz 

rock on the east of Walls, and gneiss and mica- 
schist of (xartfmess, ^suller the same fate. ^ 

Destruction of Islands, — l^uch devastation cannot* 
be incessantly committed for thousfnds of years with- 
out dividing islands, urnil they become at last mere 
clusters of rocks, •the last shreds of masses once con- 
tinuous. To this state ^ many appear to have been' 
reduced, and innumerable fantastic forms are assumed 
by rocks adjoining the^ islands, to wbicl\ the*rfama of 
Drongs is applied, it is to those of similar shape in 
Feroe. 

The granitic rocks (Fig. 13.) between Papa Stour 
and Hillswick Ness afford an example. A sinll more 
singular cluster of rocks is seen to the south of Hills- 
wick Ness (Fig. 14*.), which presents a variety of forms 

as viewed ft'om different points, and has on;cn been 

» • 

. _ - >* 



Granitic rocks named the throngs, between Papa Stour and 
Hmwkk }^ss. 




^CrfiomYiV; rocks to Me sot^h qf HUUwick Nets, Skctland. 


Ness itself may present a similar wreck, from the un- 
equal decomposition of the rocks whereof it is com- 
posed, consistin^of gneiss and mica-schist, traversed 
in all directions by veins of felspar porphyry, 

Midway be^w^een thf groups of Shetland and Orkney 
is Fair Island, said to«,be composed of sandstone with 
high perpendicular cliifs.^ The current runs^ith such 
velooity, that during a calm, and when there is no 
swell, the rocks on its #hore§ are white with the foam 
of the sea driven againSt them. The Orkneys, if 
carefully examined, would«|>rolMibly illustrate our pre- 
sent topic as much as the Shetland group. The north- 
east prcgiohtory of Sanda, one V thele islands, has 
been cut off in modern times by the sea, so that it 
became what is xiow called Start Island, where a light- 


Hil^bert, > 519. 
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house was erected in 1807, since which time the new 
strait he^ grown broader. * ^ 

East coast of Scotland . — To fihss over the main 
land of Scotland, we find that, iij Invernes^shire, there 
have been inroads, of the sea at Fort George, an(^ 
others in Murrayshire, which have swept away tlie old 
town of Findhorn. On the coast »of Kincardineshire, 
an illustration was afforded, at the close of the last cen« 
tury, of the effect of promontories in protecting a line 
of low-shore. The village of Mathers, two miles soudi 
of Johnshkven, was'bi&ilt on an ancient shingle beach, 
protected by a proje^iing ledge of \imestpne idck. uThiji 
was quarried for li\ne to such an extent, that the sea 
broke through, and in 1795 carried away the whole 
village in one night, and penetrated 1 50 yards inland, 
where it has maintained its ground ever sinC^, the new 
village having been built farther inland on the new 
shore. In the Bay of Montrose, we.find the North, 
£sk and the South £sk rivers pouring annually into 
the sea large quantities of sand aAdk pebbles, yet they 
have formed no deltas; for.^tfjie tides' scoiTr dut the 
channels ; and the current, setting across their mouths, 
sweeps away all the materials? Considerable beds of 
shingle, brought down by<» the North £sk, are seen 
along the beach, , '* 

Proceeding southwards, we find that at Arbroath, in 
Forfarshire, which stands on a rock^ftf red sandstone, 
gardens and houses liavel^een carried away ^ithin the 
last thirty j^ars by, encroachments of the sea. It has 
become necessary to remove the lighthoijses at the 
mouth of the estuary of the Tay^ in the same county, 
at Button Ness, which were built on a tract of blown 
sand, die sea having encroached for three quarters of 
a mile. i 
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Force of Waves and Currents in Estuaries , — Tlie 
combined ^power which waves and currents opn exert 
in estuaril^to considerable depths, was remarkably ex- 
hibited during the building of the Bell Rock Lighthouse, 
pfF the mouth of the Tay. The‘<Bej]l Roclc is a sunken 
r^^ef, 'consisting of red sandstone, being from twelve to 
sixteen feet under tAe surface at high water, and about 
twelve miles irom the mainland. At the distance of 
100 yards, there is a depth, inwall dir&tions, of two or 
three fathoms at low water^^ In 1807, during the 
erection of the lighthouse, six Iftijge blocks df granite, 
j^hicii hdll be^ landed on the rtef, were removed by 
the force of the sea, and thrown o\$t a rising ledge to 
the distance of twelve or fifteen paces ; and an anchor, 
weighing about 22 cwt., was thrown up upon the rock.* 
Mr. Stevenson informs us, moreover, that drift stones, 
measuring upwards of thirty cubic feet, or more than 
^two tons weight, have, during storms, been often 
thrown upon the rock from the deep water.f 

^Submarine forespsf — Among the proofs that the sea 
has entroucheck both on^the estuaries of the Tay and 
Forth, mi^ be mentioned the submarine forests which 
have been traced for several miles by Dr. l^leming, 
along the margins of thosek estuaries on the north and 
south Chores of Ihe county of Fife.J The alluvial 
tracts, however, on wdiich sucR forests grow, generally 
occupy spaces dispute 

between the river and the sta, dhd to be alternately 
lost and w'^on. Estuaries (a term ^hich ife confine to 
inlets entered both by rivers and tides of the sea) 

* Account of the Rreeflon of the Bell Rock Lighthouse, p. 16S. 

f Ed. Phil. Journ., vol. iii. p. 54. 1820. 

^ Quarterly Journal of Science, 5pc., No. xiii. New Scries, 
March, 1830. 
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have a tenriency to become silted up in parts ; but the 
tfAme tracts, after remaining'dry, perhaps, for thousands 
of year^ are again liable to bt*overflowejl? for they 
are always low, and, if ’inhafiit^d, must "Ifcnerally be 
secured by hrtiheial embankments. Meanwhile tlu^ 
sea devours, as it advances,* the high as well as tbje 
low parts of the coast, break ir!^ down, one after 
another, the' rocky bulwarks which protect the mouths 
of estuaries. The changes of territory, therefore, 
within the general line ^ of coast are all of a subordi- 
nate natune, in no v^jay tending to arrest the? march of 
the great ocean, nor,'»to avert the destiny i^Ventnall^ 
awaiting the wtioNe region: they are like the petty 
wars and conquests of the independent states and 
republics of Greece, while the power of Macedon 
was steadily pressing on, and preparing to si^allow^ up 
the whole. 

On the coast of Fife, at St. Andi^jw’s, a tract of^ 
land which intervened between the castle of Cardinal 
Beaton and the sea, has been entiVc^y swept away, as 
w’ere the last remains of the Priory of Ci?iil,*in the 
same county, in 180^3. On both sides of the Frith of 
Forth, land has been consumed ; at North Berwick in 
particular, and at Newhaven, where an arsenal and 
dock, built in the reign of James IV., in the fifteenth 
century, has been overfiowedi 

East coast of England . — If we n^w proceed to the 
English coast, we find 'records of numerous lands 
having been * destroyed in Northumberland, as those 
near Bamborbugh and Holy Island, and at ?lynemouth 
castle, which now overhangs the spa, although formerly 
separated from it by a strip of land. At Hartlepool, 
and several other parts Of the coast of Durham com- 
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posed of magnesian limestone^ the sea ha^ made con- 
siderable inroads. * ^ * 

Const ^ Yarkshim. — Almost the whole 'coast of 
Yorkshire, from the mouth oV the Tees to that of the 
^umber, is in a sikte of gradt^al dilapidation. That 
part*bf the cliffs which consists of has, the oolite series, 
and chalk, decays fclowly. They present abrupt and 
naked precipices, often SOO feet in height ; and it is 
only at a few points that the grassy t;overitig of the 
sloping talus marks a temporary relaxation of the 
erosive action of the sea. Theicj^alk cliffs i^rc washed 
^nto^av^ in Jhe projecting hcad^nd of Flamborough, 
where they are decomposed by t\p salt vapours, and 
slowly crumble away. But t))e waste is most rapid 
between that promontory and Spurn Point, or the 
coast of ^olderness, as it is called, a tract consisting 
of beds of clay, gravel, sand, and chalk rubble. The 
^ irregular intermixture of the argillaceous beds causes 
many springs to be thrown out, and this facilitates the 
ufkdermining procj^s!», the waves beating against them, 
and a^stfong current setting chWdy from the north. 
The wasteful action is very conspicuous at Dimlington 
Height, \hc lofliest paint in Holderness, where the 
beacon stands on a cliff feet above high water, the 
whole*being comj)osed of clay, with pebbles scattered 
through it.^ # » 

In the old *m^s of Yolkshire, we find spots, now 
sand-banks in the sea, marked ais the ancient sites of 
tlie towns and villages of Auburn, Hartburn, and 
Hyde. ‘i,Of Hyde,’* says Pennant, “ oWy the tradi- 
tion is left ; and near the village of Hornsea, a street 


* Phillips’s Geology Yorkshire, p* 61. 



Ch.VI.3 THE EAST COAST OF ENGLAND. 23 

• % * 

called Harasea Beck has long since been swallowed/'^ 
Owthorne and its church ha^se also been in great part 
destroyedl^ and the village of Kilns^; but th<||e places 
are now removed farther inland? The rate 0 $ encroach- 
ment at Owtborne, at present i&f about fimr yards a 
year.\ Not unreaSbnable fears are entertained ^hat * 
at some future time the Spurn Pojpt will become an* 
island, and that the ogean, entering into the estuary 
of the Humber, *^111 cause great devastafion. j: Pen- 
nant, after speaking of the silting up of some ancient 
ports in tl^pt estuar}^ yUserves, But, in return, ,thc 
sea has made most an^lc reprisals ; the site, and even 
the very names c/f several places, ance ^owns of ilote • 
upon the Humber, are now only recorded in history ; 
and Ravensper was at one time a rival to Hull (Madox, 
Ant. Exch. 4<22.), and a port so very considerable in 
] 332, that Edward Baliol and the confederated En- 
glish Barons sailed from hence to invade Scotland; and 
Henry IV., in 1399, made choice of this port to land • 
at, to effect the deposal of RichareJ II. ; yet the whpje 
of this has long siiM^een devoured b^ the merciless 
ocean: extensive sad9|||^^ dry W low water, are to be 
seen in their stead/’ § % 

Pennant describes Spurn Head as a promontory in 
the form of a sickle, and says the land, for some miles 
to the north, was “ pergetualiy preydd on by the fury 
of the German Sea, whicl? devours whole acres at a 
time, and exposes on the .^ores consMerable quantities 
of beautiful amber.” || » 

* Arctic Zoology, vol. i. p. 10. Introduction. 

For this information 1 am indebted Ito Mr. Phillips, of York. 

t Phillips's Geology of Yorkshire, p. 60. 

$ Arct. Zook voLi. p. 13. Introduction. U Ibid. 
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According to Bergmann, a strip of land, with several 
villages, was carried away near the mouth of the 
Humbejsin 1475. ^ 1 

LincomAire, — The* maritime district of Lincoln- 
shire consists chiod}^of lands tthat lie below the level 
^ of the sea, being protected by embankments. Great 
^parts of this fenny|:ract were, at some unknown period, 
a woody country, but were affierwards inundated, and 
are now again recovered from the Some of the 
fens were embanked and drained by the Homans ; but 
after their departure the sea (^turned, and j|arge tracts 
were covered with beds of containing marine 

* shells, now tigain* converted ihtjg productive lands. 
Many dreadful catastrophes are recorded by incursions 
of the sea, whereby several parishes have been at dif- 
ferent titles overwhelmed. 

Norfolk, — We come next to the cliffs of Norfolk 
and Suffolk, where the decay is in general incessant 

* and rapid. At Hunstanton, on the north, the under- 

n.ining of the lower arenaceous beds at the foot of the 
cliff c^usps masses of red chalk to be pre- 

cipitated from above. ' Betw^lpWunstanton and Wey- 
bourne, low hills, or dunes, of blown sand, are formed 
along the shore, from fifty to sixty feet high. They 
are cottnposed of dry sand, bound in a compact mass 
by the long creeping rocj^ts of ,the plhnt called Marram 
(Arundo arenaria). SucIp is the present set of the 
tides, that the laarbours of Clgy, W’ells, and other 
places, dte securely defended by these bagriers; afford- 
ing a clear proof that it is not ^he sti^ngth of the 
material at particular points that determines whether 
the sea shall be pfogressive or stationary, but the 
general contour of the coast* 

The waves constantly^ undermine the low chalk 
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cliffs, cover|jd with sand and clay, between Wey bourne 
and Sherringham, a certaih portion of them being 
annuall}r*removed. At tlie latte# town I alscrtained, 
in 1 829, some facts which throw light onP the rate at 
which the sell gains upon the land.*'* It was computed^ 
when the present inn was built, in 1805, that it i^ould 
require seventy years for the seaito reach the spot ; 
the mean los^ of land being calculated, {rom previous 
observations, to* be somewhat less than one yard an- 
nually. The distance between the house and the sea 
was fifty yards; but^no allowance was made for* the 
slope of the ground hfungjrom the sea, in conscquj^nce^ 
of which, the was^e was naturally accelerated every 
year, as the cliff grew lower, there being at each suc- 
ceeding period less matter to remove when portions 
of equal area fell down. Between the years >824? and 
1829, no less than seventeen yards were swept away, 
and only a small garden was then left between the 
building and the sea. There is now a depth of twenty 
feet (sufficient to float a frigate) M ^onc point in tlfe 
harbour of that poli, where, only foiity-eiglit*years 
ago, there stood a cliff fifty feet high, with houses 
upon it ! If once in half a century an equaf amount 
of change were produced suddenly by the momentary 
shock of an earthquake, history woujd be filled with 
records of such wonderful revolutions of the earth’s 
surface ; but, if the conversion of hi^h fand into deep 
sea be gradual, it excites* only local attention. The 
flag-staff of tlie Preventive Service station, on the 
south side of \his harbour, has, within the l^st fifteen 
years, been thrice removed inland, in consequence of 
the advance of the sea. , 

Farther to the south we find cliffs, composed, like 
those of Holderness before npentioned, of alternating 
VOL. II. c t * 
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Strata of blue clay, gravel, loam, and finc^sand. Al- 
though they sometimes Exceed 200 feet in height, 
the havootnade on tke coast is most formidable. The 
whole site ftf ancient CromeV now forms part of the 
perman Ocean, th^ inhabitants having l^radually re- 
t^eat6d inland to their p/esent situation, from whence 
the sea still threatel-s to dislodge them. In the winter 
of 1825, a fallen mass was precipitated ffom near the 
lighthouse, which covered twelve acrc8, extending far 
into the sea, the cliffs bcin^ 250 feet in height.* 
The* undermining by springs sometimes caused 
Jarge portions^ of the upper p£i;t of the cliffs, with 
houses still standing upon them, top" give way, so that 
it is impossible, by erecting breakwaters at the base of 
the cliffs, permanently to ward off the danger. 

On th^same coast, the ancient villages of Shipden, 
Wimpvvell, and Eccles, have disappeared; several 
^manors and large portions of neighbouring parishes 
having, piece after piece, been swallowed up ; nor has 
tlSere been any ipt6rmission, from time immemorial 
in the*ra^ages of the sea along a line of coast twenty 
miles in length, in which these places stood.f Hills 
of blown sand, betw^eon Eccles and Winterton, have 
barred up and excluded {he tide for many hundred 
years from the njouths of several small estuaries ; bSt 
there are records of nine broaches from 20 to 120 
yards wide, haviiy been made through these, by which 
immense^ damage was done to thl? low grounds in the 
interior. A few miles south of Happisbirrgh, also, are 
hills of blrwn sand, which extend to Yjfrmouth ; and 
these are supposed jto protect the coast, but in fact 
their formation proves that a temporary respite of the' 


Taylor’s Geology of Sfist Norfolk, p. 32. 


t Ibid. 
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incursions qf the sea on this part is permitted by tlie 
pifesent set of the tides and currents. Were it other- 
wise, tlu^ land, as we have seefl, would Jfve way, 
thougli made of solid rods. ^ ^ * 

Silting vp (ff Estuaries. — At Yarmouth, the sea has , 
not advanced upon the sands in the sliglitest degree* 
since the reign of Elizabeth. Ttf the time of tlie 
Saxons, a great estuary extended as far»as Norwidi, 
winch city is rcpitsented, even in the thirtceutli and 
iburteenth centuries, as situated on the banks of an 
arm of the sea.” Tho^^ands whereon Yarmouth is built 
first became firm and Jiabitable ground aljoiit the 3 '<?ar 
1008, from which flme a line of dunes has gradually 
increased in height and breadth, stretcliing across the 
whole entrance of the ancient estuary, and obstructing 
the ingress of the tides so completely, tliat rtiey are 
only admitted by the narrow passage which the river 
keeps open, and which has gradually ghifted several 
miles to the south. The ordinary tides* at the riverV 
mouth rise, at present, only to the'ln;igbt of three or 
lour feet, the spring tides to about eight »or nine.* 

L'y the exclusion of the sea, thousands of acres in 
the interior have become cultivated lands ; and, ex- 
clusive of^smallcr pools, upi^rds of sixty fresh-water 
lakes have been formed, varying in depth from fifteen 
to thirty feet, and in ex^nt from one acre to twelve 
hundred*. The Yare, and^otber r^ers, frequentl}' 
communicate with these sheets of water; and thus 
the}' are liable 4;o be filled up gradually with lacustrine 
and fiuviatile deposits* and to be converted i|^to land 
covered with forests. When the sea at length returns 
(for as the whole coast gives way, this must inevitably 
happen sooner or later), these tracts will be again sub- 
* Tajlor’s Geology of Ejist Norfolk, 10. 
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merged) and submarine forests may then be found, as 
along the margins of many estuaries.* i 

Yarmollth does nat project beyond tlie geiieral line 
of coast which has bc^n rounded off’ by the predomi- 
nating current frdhi'the north-west, k must not be 
^imagined, therefore, that the acqfiisition of new land 
fit for cultivation it Norfolk and Suffolk indicates any 
permanent growth of the eastern limits of our island, 
to compensate its reiterated losses. .No delta can form 
on such a shore. 

That great banks should bq, Uirown across tlie es- 
tuary of .the Yare, or any other ^estuary on our eastern 

* coast, wliere ‘there* is not a large h»Jy of river- water to 
maintain an open channel, is perfectly intelligible, when 
we bear in mind that the marine current, sweeping 
along tUp coast, is charged with the materials of wast- 
ing cliffs, and ready to form a bar anywhere, the instant 
its course is interrupted or checked by any opposing 

* stream. The hiouth of the Yare has been, within the 
hiSt five centuries,! diverted about four miles to the 
soutK; ^ it i^, evident that at some remote period the 
river Aide, entered Ihfe sea at Aldborough, until its 
ancient Outlet was barred up and at length transferred 
to a point no less than ten miles distant to the south- 
west.* In this case ridges of sand and shingle like 
those of Lowesloff Nejs, wljich will be described by- 
and-by, have been thrown up between the river and 
the sea ; and an^ancient sea-cliff is to be seen, now in- 
land. " 

It may be asked why the ri\fiers oif our east coast 
are always deflected southwards, although the tidal 
current flows alternately from the south and north*? 
The cause is to be found in the superior force of what 
* For remarks on the ori^n of Submarine Forests, see Book 
Xni- cliap. 16 . • 
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is commonly called ** the flqpd tide from the north,” a 
tidal wa\jB derived from the Atlantic, a sn|jll part of 
vrhich passes eastward u^) the English CVannel, and 
through the Straits of Dover ifnr> then northwards, 
while the principal body of w;ater, moving much more’ 
rapidly in a more open sea, first passes the Orkneys, 
and then turning flows down between Norway and 
Scotland, and sweeps with great velocity along our 
eastern coast. It is well known that the highest tides 
on this coast are occasioned by a powerful north-west 
wind whicA raises th"^ eastern part of the Atlantic, and 
causes it to pour ^ greater volum* of <^ater into*the * 
German ocean. This circumstance of a violent off- 
shore wind being attended with a rise of the waters, 
instead of a general retreat of the sea, naturally ex- 
cites the wonder of the inhabitants of our coast. In 
many districts they look with confidence for a rich 
harvest of that valuable manure, the sea-weed, when * 
the north-westerly gales prevail, i^nd are rarely disap- 
pointed. The phenomenon is so vl^eli calculated, to 
awaken curiosity, that I have be»rd the cause discussed 
by peasants aud fishermen ; and more than ance they 
have hazurded a theory of their own to account for it. 
The most ingenious idea wMch I heard suggested was 
this ; a vast body of surface water, say they, is repelled 
by the wind from the shore.»w’liich afterwards returns, 
in order to restore the^level of the s^ ; by this means 
a strong under-current is produced, which tears up the 
weed from th^ bed of the sea, and casts it ashore. The 
true explanation, however, of the phenomenon is 
doubtless that above mentioned. 

Coast of Stffolk, — The cliffs of Suffolk, to which 
we next proceed, are somewhat less elevated than those 
of Norfolk, but composed of sfmilar alternations of clay, ^ 
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sand, gravel. From Gorleston in Suffolk, ‘to within^ a 
a few north of LowestofF, the cliffs afe slowly 
undermine^. Near the last^mentioned town, there is 
an inland cliff aboiU iixty feet high, the^ sloping talus 
‘of wbich is covered with, turf ahd heath. Between the 
cliff and the sea is ji low, flat tract of sand, called the 
Ness, nearly three miles long, and for the most part 
out of' reach* of the highest tides. ^ Jlie point of the 
Ness projects from the base of the original cliff to the 
distance of 660 yards. Thio accession of land, says 
Mr. Taylor, has been effected aff distinct and distant 
intcTvals, by the influence of curi*eiy^^s«running between 
the land and a shoal about a mile off Lowestoff, called 
the Holm Sand. The lines of growth in the Ness are 
indicated by a series of concentric ridges or embank- 
ments inclosing limited areas, and several of these 



•Map of Lowest^ Nesst Suffolk*’* 

(ij a> The (lotted lines express a seiies of ridges of sand and 
shingle, ‘forming the extremity of the triangular^^spacc called the 
Ness. • • 

6, h, 6. ite dark line represents the inland cliif on wiiicli the 
town of Lowestofl* stands, between which and the sea is the 
Ness. 

* From Mr. tt, C. Vaylor’s Mem., see belov 
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ridges hav« been formed within the observation of per- 
sons nov( living. A rampart of Iicavy materials is first 
thrown up to an unusual ^titude dy some ex f?aor dinar} 
tide, attended with a violent Subsequent tides 

extend the l>ase of this high bank of shingle, and th^ 
interstices are then filled with sand blown from tlA.' 
beach. The Arundo and other marine plants by de- 
grees obtain a footing ; and creeping alt>ng the ridge, 
give solidity to Ihe mafs, and form in some cases a 
matted covering of turf. Meanwhile another mpuhd 
is forming externafty,* which by the like process rises 
and gives proteqtiontlo the first. Jf tho sea forci^> 
way through one of the external and incomplete 
mounds, the breach is soon repaired. After a while 
the marine plants within the areas inclosed by these 
embankments are succeeded by a better species of 
herbage, affording good pasturage, and the sands be- 
come sufficiently firm to support buildings.* • 

Deslruction of Dunwich by the Sen , — The sea und^*r- 
raines the high cliffs near Corton, ad’ew miles north of 
Lowestoff, as also two miles.scvuth of \lie sdme town, 
at Pakefield, a village which has been in jj^irt swept 
away d^^ring the present century. From thence to 
Dunwich the destruction is»constant. At the distance 
of 250 yards from the wasting cliff at* Pakefield,* where 
we must suppose land*to Jiifvc existed at no remote 
period, the sea is sixteen feet decp%at low water, and 
in the roadstead beyoncf, twenty-four feeU Of the 
gradual destruction of Dunwich, once the most con.^i- 
derable seaport on this coast, we have man;^ authentic 
records. Gardner in his history of that borough, pub* 


* The formation of the Ness ii, well described by >Jr. Ji. (\ 
Taylor, Phil. Mag. Oct. 1S27. p.»297. 



32 


encroacfmehVs of the sea 


[Book n. 


lished in 1754*, shows, by reference to wdocuments 
beginning 'With Doomsday Book, that the r cliffs at 
DunwichJ^ Southwolti, Eastern, and Pakefield, have 
been always subject to wear away. At Dunwich, in 
particular, two tracts of land whic|} had been taxed in 
the eleventh century, in the time of King Edward the 
Confessor, are mentioned, in the Conqueror’s survey, 
made but a few years afterwards, as having been de- 
voured by the sea. ^ The lossef, at a subsequent period, 
of a^ monastery, — at another, of several churches, — 
afterwards of the old port, — ‘then of foul- hundred 
\3iouifes at onoe, — qf the churcR.^of §t. Leonard, the 
high road, town-hall, gaol, and many other buildings, 
are mentioned, with the dates when they perished. It 
is stated that, in the sixteenth century, not one quar- 
ter of tlic town was left standing ; yet the inhabitants 
retreating inland, the name was preserved, as has been 
K the case with many other ports, when their ancient 
sife has been blotted out. There is, however, a church, 
of considerable antiquity, still standing, the last of 
twelve* mfention‘ed in sojnc records. In 174*0, the laying 
open of t^e churchyard of St, Nicholas and St. Francis, 
in the sea-cliffs, is weil described by Gardner, with 
the coffins and skeletons exposed to view — some lying 
on the beach, and rocked — 


In cradKe of the rude imperious surge.” 

Of these cemeteries no remains can now be seen. 
Kay also ^ays, that ancient writings fhake mention 
of a wood a mile and a half to the east of Dunwich, the 
site of which must at present be so far within the* 
sea.” * This city, once so flourishing and populous, is 

* Consequence of the Deluge, Pbys. Theol. Discourses. 
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now a small village, with about twenty houses, and one 
liundrcdyinhabitants. * • 

There' is an old tradition, tdat the ta^rs sat in 
their shops at Dunwich, and saw«tl^ ships in Yarmouth 
Bay but when ,we consider how far the coast at 
LowestolF Ness projects between these placed 
cannot give credit to the tale, which, nevertheless, 
proves how much thd inroads of the sea in times of 
old had prompted men qf lively iimigination to indulge 
their taste for the marvellous. 

GardneVs descrij^tidn of the cemeteries laid open 
by the waves repi^ndl us of the srpne which has beer# 
so well depicted by Bewick*, and of which numerous 
points on the same coast might have suggested the idea. 
On the verge of a cliff, which the sea has undermined, 
are represented the unshaken tower and western end 
of an abbey. The eastern aisle is gone, and the 
pillars of the cloister are soon to follow. The waves • 
have almost isolated the promontory, and invaded tjjic 
cemetery, where they have made spsrt with the mortal 
relics, and thrown up a skull upon the'beacli. *In the 
foreground is seen a broken tombstone, credited, as its 
legend iells “ to perpetimte thb memory of one whose 
name is obliterated, as is that of the county for which 
he was “ Gustos Rotulorum.” A conmorant is perched 
on the monument, defiling; i\, as if tg remind some 
moraliscr, like Hamlet, of ** the bise uses ” to which 
things sacred may be turned. Had this excellent artist 
desired to satirise certain popular theories of geology, 
he might have inscribed the stone to the%iemory of 
some philosopher who taught “ the permanency of 

* History of British Bird^ vol, ii. p. 220, Ed. 1821. 

c 6 



[Book ir 


ENCUOACIfME^'S OF THE SEA 

existing continents** — “the era of repos®** — “ the 
impotence ®f modern causes.’* ,, * 

South df Dunwictf arc two cliffs, called Great and 
Little Cat dliff. TJJiat which bears the name of Great 
Jjas become the smaller of the^two^ and is only fifteen 
feet liigh, the more elevated portion of the hill having 
been carried away ; on the other hand, the Lesser Cat 
Cliff has gained in importance,* for the sea has here 
been cutting deeper into a hill which slopes towards 
it. But at no distant period,^ the ancient names will 
tigain become appropriate, lor iH «urreat Clifi the base 
<^f aiwthcr hill.\vill jjpon be reachVvd,^ and at Little Cat 
Cliff the sea will, at about the same time, arrive at a 
valley. 

The incursions of the sea at Aldborough were for- 
merly vcTy destructive, and this borough is known to 
have been once situated a quarter of a mile east of 
^the present shor^j. The inhabitants continued to build 
farther inland, till they arrived at the extremity of 
their property, ai\d ‘then the town decayed greatly ; 
but twb sand-lnmks, thrpwn up at a sliort distance, 
now afford a temporary safeguard to the coast. Be- 
tween these banks andutlie present shore, wjjere the 
current now flows, the sea js twenty -four feet deep on 
the spdt where tl\je town formerly stood. 

Continuing our survey of the Suffolk coast to the 
southward, we‘ firjjl that the cliffs of Bawdsey and 
Felixtow arc foundering slov^y, dnd that the point on 
which Landguard Fort is built suffers gradual decay. 
It appear that, within the memory of *^persons now 
living, the Orwell river continued its course in a more 
direct line to the sea, and entered to the north instead 
of the south of the low bank on which the fort last 
mentioned is built. 
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-v- Harwich, in Essex, stands on an isthmus, 
Vhich ^ill probably become an island ia little more 
than hcflf a century ; for tlie seJ will then^have made 
a breach near Lower Dover Co^rt, shouftl it continue 
to advance hs rapidly as it has Sone during the las^t 
fifty years. Within ten years, there was a consideral^e 
space between the battery at Harwich, built twenty- 
three years *ago, and the sea; part of tjie fortification 
has already beta swept away, and the rest overhangs 
the water. Since the* year ]807> a field called tlu* 
Vicar’s Field, which belonged to the living of Hai^vicll, 
has been totally anijlliilated.* ^ j . # 

At Walton Kaze, in the same county, the clifl^. 
composed of London clay, capped by the shelly sands 
of the crag, reach the height of about JOO feet, and are 
annually undermined by tlie ivaves. Tlie old church- 
yard of Walton has been washed away, and the cliffs 
to tlie south are constantly disai)peariiig. 

Krnt. — Tsk of Shej)pcy. — On the coast bounding the* 
estuary of the Thames, there ai^ nunjcrous examines 
both of the gain and loss of land. I'lie^lsle ofrSheppey, 
which is now about six miles long by four in breadth, 
is com^sed of London clay. » The cliffs on the north, 
which are from sixty to ei^ity feet high, decay rapidly, 
fifty acres having been lost within th§ last twentjr years. 
The church at Minstei^ now»near tiie coast, is said to 
have been in the middle of^the isla^ fil’ty years agof ; 
and it has been conjectured that, at the present rate 
of destructfon, the whole isle will be annihilated in 
about half a'^century. On the coast* of tli^ mainJand 
to the east of Sheppey is Herne Bay ; a place still 
retaining the name of a bay, although it is no longer 

* On authority of Dr. Mitchell, F. G. S. 

f For this information 1 am iticlebtcd to W. F«n- 

, C f> 
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appropriate, as the waves and currents hpve swept 
away the ancient headlands. There was formerly d 
small pronA)ntory in the line of the shoals wliere the 
present picr^is built, ^ by which the larger bay was 
dwided into two, caTled the Upper and Ldwer.^ 

JStilf farther east stands the church of Reculver, 
upon a cliff composed of clay and sand, about twenty 
feet high. Reculver (Rcgulvium), was ah important 
military station in the time of the Romans, and appears, 
from Leland’s account, to have^been, so late as Henry 
Vlll.^s reign, « nearly one mile dii^nt from'* the sea. 

thf “ Gentlemaa&i'i# Magazine’s \Jiere is a view of it, 
taken in 1781, which still represents a considerable 
space as intervening between the north wall of the 
churchyard and the cliff, f Some time before the 
Fig. 1(5. . . 



Fw«r of Hee^vet Cknrehy taken in the year 178?. 

1 . Isle of 

S. Ancient chapel now destroyed. The cottage between this 
chapel and the cliff was demolished by the sea, in 1 782, 

* On the authority of W. Richardson, £sq., F.G. S. 
f Vol. ii. Ner Series, 18od, p. 801. 
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year 1780U the waves had reached the site of the 
ifticient Jloinan camp, or Yortification, the walls of 
which h&d continued for several /ears after ’they were 
undermined to overhang the sea, t>6jpg firmly cemented 
into one inai^. They were eighty yards nearer tliQ 
sea than the church, and th*ey are spoken of m the 
“ Topographica Britannica” in the year 1780, as hav- 
ing recently fallen dbwn.* In part of the 

churchyard witli* some adjoining houses was washed 
away, and the ancient church, ‘with its two lofty sphes, 
a well knoVn land raVk*, was dismantled ami abandoned 
as a place of worship/ I,t is still sjj^ding (lS34),»but 



^Heather Churchy in 18,34. 


* Dr. Proceedings of beol. Soc. v«l. ii. No. 1. 
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would probably have been annihilated ere this, had not 
the force pf the waves been checked by ai\ artificilil 
causeway*of stones 8hd large wooden piles driven into 
the sands to break ^he force of the waves.* 
r Isle of ThaneL — Tlie Isle iof yiiancl was, in the 
tfirae of the Romans, separated from the rest of Kent 
by a navigable channel through which the Roman 
fleets sailed on their way to anfl from London. Bede 
' describes this small estj^ary as being, *'in the beginning 
of the eighth century, three furlongs in breadth ; and it 
is supposed that it began to shallow' about the 

^period of tlm Nor^nan conquesh It was so far silted 
uj) in the year 1485, that an act was then obtained to 
build a bridge across it; and it has since become marsh 
land with small streams running through it. On the 
coast, l?cdlam Farm, belonging to the hospital of that 
name, has lost eight acres in the last twenty years, 
% the land beingecomposed of chalk from forty to fifty 
f^et above the level of the sea. It has been computed, 
that the average waste of the cliff between the North 
Forelafi?f and the Receivers, a distance of about eleven 
miles, is ftpt less than two feet per annum. The chalk 
cliffs on the south of Thanet, between Ramsgate and 
Pegwell Bay, have on an*average lost three feet per 
annum for the tw last years (preceding 1830). 

Goodwin Sf^nds, — TB<^Gdbdwin Sands lie opposite 
this part of the Kentish coast. They are about ten 
miles in* length, and are in some parts three, and in 
others seven miles distant from the shqJe; and, for a 
certain sjfhce, are laid bare at low water. That they 
are a remnant of land, and not a mere accumulation 
of sea sand,” as Rennell iraaginedf , may be presumed 

* Dr. Mitchell, Proceedings of Geol. Soc. vol. ii. No. I. 
t Geog. of II#rod. vol. ii. p. 326 . 
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from tliti fifct that, when the erection of a liglithouse 
on this -rfshoal was in contemplation by Trinity 
Board in the year 18 IT,, it was found, by Ijorings, that 
the bank consisted of fifteen feet Af^nd, resting on bine 
clay. An obscure tradition lips come down to us, that 
the estates of Earl Goodwin, the father of Harold, who 
died in the year 1053, were situated here, and some 
have conjecture^d that they were ovcrwlfelmed by the 
flood mentioned in the Saxon dironicle, suhanno lOi)!). 
'Hie last remains of an island, consisting, like Shcpjiey. 
f)f clay, may perha^s^ have been carried away about 
that time. . , • * * * 

'riieve are other records of waste in the county of 
Kent, as at Deal; and at Dover, where 8hukspeare*s 
clifl‘, composed entirely of chalk, has suffcred^neatly, 
and continually diminishes in height, the slojic of the 
hill being towards the land. About the year 1810 
there was an immense land-slip froth this cliff, hy 
which Dover was shaken as if by; an earthquake, aiRl 
a still greater one in 1772.* ^ ^ 

Straits of Do I'er — In proceeding from the northern 
parts of the German Ocean towards the Straits of 
Dover, the water becomes graSually more shallow, so 
that in the distance of about two hundred leagiK‘s we 
pass from a depth of 120, to that of 58, 38, 21s and 1 8 
ikthoins. In the same marmcr the English Channel 
deepens progressively, from Dover* to its entrance, 
formed by the Land's End of England^ and "the Isle 
of Ushant on ,the Coast of France ; so that die strait 
between Dover and Calais may be said to part two 
geas.f 

* Dodsley’s Ann. liegist. 1772. 

t Stevenson on the Bed of the German Ocean. — £d. Fhil. 
Jourii., NoH p. 45. 
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Whether England was formerly united with France 
has oUen a favourite subject of speculation ; ana 
in 1753 a sqcietyat Aniens {proposed this as a subject 
of a pri^ie essay, wkidi was gained by the celebrated 
Desniarest, then a young man * He founded his prin- 
cipal arguments on the identity of composition of the 
cliffs on the opposite sides of the channel, on a sub- 
marine chain Extending from Boulogne to Folkestone, 
only fourteen feet under low w«ater, and on the identity 
of the noxious animals in England and France, which 
could not have swum across t\ie^ Straits, and would 
^nevfr have been introduced by fiiap^ He also attri- 
buted the rupture of the isthmus to the preponderating 
violence of the current from the north.* It will 
hardly Ije disputed that the ocean might have effected 
a breach through the land which, in all probability 
once united this country to the Continent in the same 
* manner as it now gradually forces a passage through 
recks of the same m/neral composition, and often many 
hundred feet high, upon the coast. 

Although the time» required for such an operation 
was probably very great, yet we cannot estimate it by 
reference to the present rate of waste on bDth sides 
of th^ Channel ; for when, in the thirteenth century 
the sea burst thil^ugh the isthmus of Staveren, which 
formerly united Friesfa^^d with North Holland, it 
opened, in about* one hundrec^ years, a strait more 
than haK'as wide as that which divides England from 
France^ after which the dimensions of tl^e new channel 
remaineef almost stationary. The greatest depth of 
the straits between Dover and Calais is twenty-nin^ 
fathoms, which exceeds only by one fathom the 


< Cuvier, Eloge de Desmarest. 
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greatest defjth of the Mississippi at New Orleans. If 
the movjfig column of water in the great •^merican 
river, wfiich, as was before motioned, do^s*not flow 
rapidly, can maintain an open passage to that depth in 
its alluvial accumulations, stiU more might a channel* 
of the same magnitude be excavated by the resistless 

force of the tides and currents of “ the ocean stream,” 

* * . 
jXffya trSivog flxsotvoio. 

m 

In framing these speculations, however, miist^not 
overlook flie great \»ff6cts which particular combin- 
ations of causes mjght^produce witl^out violence. Tlie 
chalk supposed in this instance to have been removed, 
was of itself a marine deposit, and -must at some 
period have emerged from the deep. It may have 
been upraised gradually, as the coast of Sweden, with 
the bed of the adjacent ocean and Baltic sea, are now 
rising^; or there may have been oscillittions of level in 
the lands once connecting France and Englatid. Li 
that case, and especially if the movements were slow, 
a great amount of excavation, may ITave b^8!i pro- 
duced by a comparatively feeble power everted by 
waves acd currents cutting through successive portions 
of the chalk as it emerged. And here I may mention, 
that strata of chalky rubble and sand found at the 
base of the cliffs near 2)over*and Brighton, seem to 
indicate some changes in the relatiue level of sea and 
land since our coasts acquired a considerablv* part of 
their actual Weight and contour.f 

At Folkestone, the sea undermines the Shalk and 
subjacent strata. About the year 1716 there was a 
remarkable sinking of a track of land near the sea, so 
that houses became visible at points near the shore 
* See Bo<^ h. chap. 17. t See Bo(A iv. chap. 22. 
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from whence they could ^not be seen previously. In 
the descr^tion of this subsidence in the Phiiosopliical 
Transact*ions> it is said^ “ that the land consisted of a 
solid ston}/^ mass resting on wet clay (gault), 

•so that it slid forwards |owardb tlif sea, just as a ship 
<s launched on tallowed planks/’ It is also stated that, 
within the memory of persons then living, the clifl’ 
there had bteen washed away to the extent of ten 
rods.* « 

l^ncroachments of the sea at Ilythe are also on 
record ; but between this point^and Uye there has 
^ befti a gain «f laad within the tin^e^ of history ; the 
rich level tract called Romney Marsh, or Dungeness, 
about ten miles in width and five in breadth, and 
form^'d of silt, having received great accession. It has 
been necessary, however, to protect it from the sea, 
1‘rom the earliest periods, by a wall. These additions 
. of land are exaKjtly opposite that part of the English 
JJJiannel where thp conflicting tide-waves from the 
north and south meet ; for, as that irom the north is, 
for reasons already explained, the most powerful, they 
do not ulralize each other’s force till they arrive at 
this distance from the ’straits of Dover. R}^, on the 
south of this tract, was once destroyed by the sea, but 
it is now' two miles distant from it. The neighbouring 
town of Winfihelsea w'a^ destroyed in the reign of 
Edward I., the ntouth of the l^other stopped up, and 
the river diverted jnto anotherxhanncl. In its old bed 
an ancient vessel, apparently a Dutchjnerchantman, 
w'as recefltiy found. It was built entirely of oak, and 
much blackened.f 

• Phil. Trans., 171ft, 
t Ejiin, Juuni. of Sci„ No. xix. p. 56. 
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^ South Chast of Kngland.—'Vo pass over some points 
near Haitings, where the cliffs have waste^iat several 
periods, we arrive at the, promontory of Bfjachy Head. 
Here a mass^of chalk, three hofidted feet in length, 
and from seventy* to eighty, in breadth, fell, in thd 
year 1813, with a tremendous crash; and similar slips 
have since bpeii frequent.’*' 

Sussex , — About a mile to the west o*f the town of 
Nowhaven the remains* of an ancient entrenchment 
are seen, on the brow qf'Castle Hill. This earth-work, 
supposed to be Rornjin, was evidently once of con- 
siderable extentjiaMd*of an oval foi*ni, bfit the greater 
part has been cut away. The cliffs, which are under- 
mined here, are high ; more tJian one hundred feet of 
chalk being covered by tertiary clay and from 

sixty to seventy feet in thickness. In a few centuries 
the last vestiges of tlie plastic clay formation on the 
southern borders of the chalk of the Clouth Downs on 
this coast will be annihilated, and future geologi&f^ 
will learn, from historical documelits, the ancient 
geographical boundaries of this group of strata in that 
direction. On the opposite side of the estiftiry of the 
Ouse, oA the east of Newhaveii harbour, a bed of 
shingle, composed of chalk flints, derived fropi the 
waste of the adjoining cliffs, had acchmulated at Sea- 
ford for several centuries. '4n the great storm of No- 
vember, 1824, this bapk was entire!^ swe])t away, and 
the town of Seaford inundated. Another gre^at beach 
of shingle is i^w forming from fresh materials. 

The whole coast of Sussex has been incessantly 
jencroached upon by the sea from time immemorial ; 
and, although sudden inundations only, which over- 


* Webster, Geol. Trans., vol. ii. pfl92. 
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whelmed fertile or inhabited tracts are noticed in hij;- 
tory, thei^ecords attest an extraordinary aigiount of 
loss. Durifig a period pf no, more than eighty years, 
there are notices ^f^about twenty inroj^ds, in which 
tracts of land of from t^^enty to four hundred (wres in 
Extent were overwhelmed at once ; the value of the 
tithes being mentioned by Nicholas, ii\ his Taxatio 
Ecclesiastlca.'^ In tlie reign of Elizabeth, the town 
of Brighton was situated on that tract where the chain 
pier, now extends into the ^ In the year 1665, 
twenty-two tenements had beep destroyed under the 
^ did!' At thift period there stiir retRaincd under the 
cliff 113 tenements, the whole of which were over- 
whelmed in 1703 and 1705. No traces of the ancient 
town.a|;f now perceptible, yet there is evidence that 
the sea has merely resumed its ancient position at the 
base of the cliffs, the site of the old town having been 
• merely a beach*abandoned by the ocean for ages. 

• Hampshire — Iskt of Wight * — It would be endless 
to allude to alK the localities on the Sussex and 
Hampshire coasts wheiie the land has given way ; 
but 1 may point out the relation which the geological 
structure of the Isle of Wight bears to itS present 
shapci as attesting that the coast owes its outline 
to the continued action of the sea. Through the 
middle of thc*island runs^a high ridge of chalk strata, 
in a vertical position, and in a (Erection east and west, 
lliis chalk forms the projecting promontory of Culver 
Cliff on the east, and of the Needles«on the west; 
while Sandown Bay on the one side, and Compton 
Bay on the other, have been hollowed out of the 
softer sands and argillaceous strata, which are inferior 
to the chalk. ^ 

* JVf^ntfll, Geology of Sussex, p. 293. 



Cb. VIJ THE SOUTH COAST OF ENGLAND- 45 

% > * 

• The same phenomena are repeated in the Isle of 
igurbeck, where the line of vertical chalk forms the 
projecting promontory of Handfastji’oint; an&Swanage 
Bay marks the deep excavation made by the waves in 
the softer sti^ata, corresponding t(f those of Sandown 
Bay. ^ ^ 

Hurst- Castle Hank* — The entrance of the channel 
called thp Solent is becoming broader by the waste of 
the cliffs in Cdv^ell Bay; it is crossed for more than 
two thirds of its width by the shingle bank of Hurst 
Castle, wl^ich is ab^jit jpeventy yards broad and tw^elve 
feet high, presen ting, lUn inclined plane to the w^est. , 
This singular bdr' consists of a bee! of rounded chalk 
flints, resting on a submarine argillaceous base. The 
flints and a few other pebbles, intermixed, are exclu- 
sively derived from the waste of Hordwcll, a.id^other 
cliffs to the westward, where tertiary strata, capped 
with a covering of chalk flints, from five to fifty feet 
thick, are rapidly undermined. ' 

Sfjormof Nov* 1824. — In the 'great storm of No- 
vember, 1824, this bank of shingle Vas mov^^^bodily 
forwards for forty yards towards the north-east ; and 
certain piles which served to ^nark the boundaries of 
two manors were found, after the storm, on the oppo- 
site side of the bar. At the same time many aeres of 
pasture land were covered by« shingle, on the farm of 
Westover, near Lymington.** 

The cliffs between Hurst Shingle Bar and the mouth 
of the Stour, and Avon are undermined continually. 
Within the memory of persons now living, i( htis been 
necessary thrice to remove the coast-road farther 
Inland. The tradition, therefore, is probably true, that 
the church of Hordwell was once in the middle of that 
parish, although now very ,near the sea. The pro- 
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montory of Christ Church Head gives way slowly. 
It is the only point between Lyniington and PoolO 
Harbour, A Dorsetstire, where any hard stony masses 
occur in tht cliffs. Fi^c layiers of large ferruginous 
concretions, soraewl^at like the i^eptaria of* the London 
^ay, diave occasioned aP resistance at this point, to 
which we may ascribe this headland. In the mean 
time, the waves have cut deejJy into tlfe soft sands 
and loam of Poole Bay; and, after severe frosts, great 
land-slips fake place, which, By degrees, become cn- 
largc'd into narrow' ravines, os dAnes, as f they are 
^callgd, w ith vertical -sides. Onej of these chines netir 
Boscomb, has been clecpcned twenty** feet within a few 
years. At the head of each there is a sj^ring, the 
waters oi' which have been chiefly instrumental in 
produfciWg these narrow excavations, which are some- 
times from 100 to 150 feet deep. 

^ Isk of PorfJanjl, — llie peninsulas of Purbeck and 
Portland arc continuall}^ wasting away. In the latter, 
tl?e soft argillaceous^ substratum (Kimmeridge clay) 
hastensi^ie dilu^puiation of the superincumbent mass 
of limestone. 

In 1665* the cliflPs adjQining the principal qi^rries in 
Portland gave way to the extent of one hundred yards, 
and fell into the sea ; and in December, 1734, a slide 
to tlic extent of 1 50 yamls oc^^urred on the east side 
of the isle, by whiqji severSl skeletons, buried between 
slabs of stone, w'cre discovered.*' But a much more 
memorabfe occurrence of this nature, in* 1792, occa- 
sioned prfbably by the undermining of*the clifl*s, is 
thus described in Hutchins’s History of Dorsetshire : — 

Early in the morning the road was observed to crack: 
tliis continued increasing, and before two o'clock the 
ground had sunk several* feet, and was in one con- 
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tinued motion, but attended with no other noise than 
whut was occasioned by thd separation of , the roots 
and bramiSles, and now and then A falling Ack. At 
night it seemed to stop a Kttle, hiy; ^on mooted again ; 
and before morning, the ground, from tlie top of the , 
cliff to the water-sififc, had sutik^in some places "fifty* 
feet perpendicular. The extent of ground that moved 
was about a nvile and a/^quarter from nortli to south, 
and six hundred J^wrds from east to west.” 

Formation of the Chesil Bank. — Portland is con- 
nected witbthe rnaimlarKl by the Chesil Bank, a ricfge 
of shingle about seveiXeen miles in length, and, an 
most places, nearly a cjuarter oi* a mile in breadth. 
The pebbles forming this immense barrier are chiefly 
of limestone ; but there are many of quartz, jasper, 
chert, and other substances, all loosely ihro'wfir to- 
gether. What is singular, they gradually diminish in 
size, trom west to east — from the Portland end of 
the bank to that which attaches to the main land, 
'fhe formation of this bar may pr()bably be ascribed, 
like that of Hurst Castle, to a meeting of or 

tti a great eddy between the peninsula and the land. 
We have spen that slight obstructions in the course of 
the Ganges will cause, in the course of a man’s life, 
slands many times larger than the whqje of Portland, 
and wliich, in some cases, -consist of a column of earth 
more than one hundred feet (Teep. Ig like manner we 
may expect the slighteA impediment in the course of 
that tidal wavey which is sweeping away annually large 
tracts of our coast, to give rise to banks of sand and 
shingle many miles in length, if the transported ma» 
terials be intercepted in their way to those submarine 
receptacles whither they are borne by the current. 
The gradual diminution in ths size of gravel as 
e^proceed eastward might probably admit of expla- 
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nation, if the velocity of the tide or eddy at different 
points was ascertained ; rhc rolled masses thrown sip 
being lail^est whenc the motion of the wa&r is most 
violent, or«where^hjy*are deposited at the least dis- 
ijtance from the rocks from which they were detached. 
.The^torm of 1824 burrtover this* bar with great fury, 
and the village of Chesilton, built upon the southern 
extremity o(' the bank, was overwhelmed, with many 
of the inhabitants. The fundamental rocks whereon 
the shingle rests are found af the depth of a few yards 
only below the level of the sea. r # 

JThis same storm carried away part of the Break- 
water, at Plymouth, and huge musseS of rock from two 
to five tons in weight, were lifted from the bottom of 
the weather side, and rolled fairly to the top of the 
pile.**^ne block of limestone, weighing seven tons, 
was washed round the western extremity of the Break- 
ivater, and carried 150 feet.* It was in the same 
month, and also during a spring-tide, that a great 
^ood is mentioned on the coasts of England, in the 
year M99. Florence of Worcester says, On the third 
day of the nones of f^ov. 1099, the sea came out upon 
the shore, and buried,.towns and men very jjdany, and 
oxen and sheep innumerable.’’ We also read in the 
Saxdn Chronicle, already cited for the year 1099, 
This year eke on St^ Martin’s mass day, the 11th of 
Novembre, sprupg up fo much of the sea flood, and 
so myckle harm did, as no yiilan minded that it ever 
afore did, and there was the ylk day a oew moon.” 

Dors§/tshiTe — Devonshire — ComwhU- — At Lyme 
Regis, in Dorsetshire, the Church Cliffs,” as they 
asre called, consisting of lias about one hundred feet in 
raeighf^ have gradually fhllen away, at the rate of one 


De la Beche, Geol. Man. p. 
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y^rd a year, since 1800,* Tiie cliffs of Devonshire 
aiid Cornwall, which are chiefly composed of hard 
rocks, d^ay less rapidly. Near Penzance irijCornwalh 
there is a projecting tongue of knd, called the “ Green/’ 
formed of granitic sand, from wliiA more than thirty 
acres of pasture larid have boei\ gradually swepfraway 
in the course of the last two or three centuries.f It 
is also said that St. Mjehaefs Mount, now an insular 
rock, was formerly situated in a wood several miles 
from the sea ; and its old Cornish name (C’araclowse 
in Cowsc^ signifies, according to Carew, the fJoare 
Rock in the Wood.;]: t Between the Mount and New- 
lyn there is S(5eh under the sand black vegetable 
mould; full of hazel nuts, and the branches, leaves, 
roots, and trunks of forest trees, fill of indigenous spe- 
cies. This vegetable stratum has been traced ^^^award 
as far as the ebb permits, and seems to indicate some 
ancient estuary on that shore. 

Tradition of loss of land in Cornwall. — The oldest 
historians mention a celebrated t?adition in Cornwall, 
of the submersion of the Lionnesse) h country which 
formerly stretched from the Land’s End to the Scilly 
Islands. ^ The tract, if it cjgsted, must have been 
thirty miles in length, and perhaps ten in breadth. 
The land now remaining on cither side is from two 
hundred to three hundi;ed fe^pt high ; the intervening 
sea about three hundred feet deep.^ Alfliough there is 
no evidence for this romantic tale, it probably origin- 

* This ground was measured by Dr. Carpenter JF Lyme, in 
1800, and again in 1829, as I am inrforincd by Miss Mary Anning 
of Lyme, well known by ber discoveries in fossil remains. 

f Boase, Trans. Royal Gcol. Soc. of Cornwall, vol. ii. p. 229. 
f Ibid. p. 135. 
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ated in some catastrophe occasioned by former inroa’ds 
of the Atlantic upon this 'exposed coast.* ® 

West ikast of Eng/lancL — Having now brought to- 
gether an •ample ^qfly of pi“oofs of the destructive 
^operations of the waves, tideS?, and cuFrents, on our 
^astetn and southern sh5res it wilf be unnecessary to 
enter into details of changes on the western coast, for 
they present, merely a repetition of thosame pheno- 
mena, and in general on an inferioi^* scale. On the 
borders of the estuary of Ithe Severn the flats of 
SoiAersctshire and GloucestVfrskire havd received 
eiKyrnous accessions, while, orf^the other hand, sub- 
marine forests oji tlic coast of Cheshire and Lancashire 
indicate the overflowing of alluvial tracts. Since the 
year 3761', the coast of Cheshire between the rivers 
Mcri^l&yand Dee has lost many hundred yards, and 
some affirm more than half a mile, by the advance of 
the sea upon ^abrupt cliffs of red clay and marls. 
'Within the period above mentioned several light-houses 
Have been successively abandoned.f There are tra- 
ditionMu PeiidjrokeshireJ and Cardiganshire § of far 
greater losses of territory than that which the Lion- 
nesso tale of Cornway pretends to comi^emorate. 
They are all important, as demonstrating that the 
earli^t inhabitants were familiar with the phenomenon 
of incursions of the seai » 

Loss of land og the ciast of Frawce.— The French 
coast, particularly that of Britlany, where the tides 
rise to an extraordinary height, is the cemstant prey of 

f 

* Bofis^ Trans. Royal Gcol, Soc. of Cornwall, vol. ii. p. 130. 
f Steven*'Oii, Jameson’s Ed. new Vhil. Jonrn. No. 8. p. 386. 
I Camden, who cites Gyraldus, also Ray, On the Deluge,** 
Pby», Theol. p. 2U8. 

$ Meyrick's Cardigan. « 
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the waves. In the ninth century many villages and 
woods are "reported to have been carried away, the 
coast untjergoing great change wl^^reby the ^ ill of 8t. 
Michael was detached « from the mainland. The 

• i 

parish of Bourgneuf, and several others in that neigh- 
bourhood, were ovei'flowed in iliQ year 1500. In •1735^ 
during a great storm, the ruins of Palnel were seen 
uncovered in ithe sea.^, A romantic tradition, more- 
over, has descemled from the fabulous ages of the de- 
struction of the south-western part of Brittany, whence 
we may pnpbably infer jsomc great inroad of the* sea 
at a remote period.f 


* Gcscbichte, &c. vol. i. p. '1 9. 


t Ibid. p. 48. 
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ACTION OF TIDKS AND CURRENTS — COnWWMCrf. 

• * 

Action of tides and currents, continued — Inroads of the sea upon 
the deltM of the Rhine in Holland — changes in the arms of the 
tlhine — Estuary of the Bies Botidi, fbrmcd in 1^21 — Zuyder 
^ee, in the 13th century — Islands destroyed — Delta of the 
Ems converted iido a bay — Estuary* df the Dollart formed 
(p. 58.)^ — Eucioachmeiit of the sea on the coast of Sleswick — 
On shores of North America — Tidal wave, called the Bore — 
Influence of tides and currents on the mean level of seas — 
Action of currents in inland lakes and seas— Baltic — Cimbriau 
deluge (p* (>5.) — Straits of Gibraltar— No under-current 
tliere — Whether salt is precipitated in the Mediterranean — 
Waste of shores of Mediterranean. 

i 

Inroqils of sv,a at the mouths of the Rhim^ — The 
line of British coaftet' considered in the preceding 
chapter ‘offered no example of the conflict of two 
great antagonist forces ; the entrance, on the one 
hand, of a river draining a large continent, and on the 
other, the flux and reflpx of the tide, aided by a strong 
current. But when we pass over by the Straits of 
Dover to the Continent, and proceed northwards, we 
And aif admirable illustration of such contest, where 
the Rh^ne and the ocean are opposed to each other, 
esach disputing the ground now occupied by Holland ; 
Jhe one striving to shape out an estuary, the other to 
sjforra a delta. There was evidently a period when the 
river obtained the ascepdency, when the shape of the 
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cohst and set of the tides were probably very different; 
but for the last two thousand ^ears, during which man 
has witnetsed and actively participated in the’^struggle, 
the result has been in favour of the ocean; .Aic area of 
the whole terntory having become more and more 
circumscribed ; natural and artificial barriers having 
given way, one after another ; and many hundred 
thousand human beings having perished iij the waves. 

ClMnges in this arms of the Bhme, — The Rhine, 
after flowing from the Grlson Alps, copiously charged 
with sediment, first 'purifies itself in the Lake of (in- 
stance, where a large delta is formed ; then, swelled 
by the Aar and numerous other tributaries, it flows 
for more than six hundred miles towards the north : 
when, entering a low tract, it divides into two arms, 
north of Cleves, a little below the village of Panoerdeii 
— a point which must therefore be considered the head 
of its delta. In speaking of the delta I do not mean to 
assume that all that part of Holland wdiich is com- 
prised within the several arras of' the Rhine can bd’ 
called a delta in the strictest sense of* the terpi ; be- 
cause some portion of the country thus circumscribed, 
as, for example, a part of Gelderland and Utrecht, 
consists of strata which may have been deposited in 
the sea before the Rhine existed. These older tvacts 
may either have been raised like the UJlah Rund in 
Cutch, during the period when the sediment of the 
Rhine was converting'^a part of the sea into land, or 
they may have constituted islands previously. ’ 

When the riVer divides north of Cleves, tln» left arm 
takes the name of the Waal; and the right, retaining 
that of the Rhine, is connected, a little farther to the 
north, by an artificial canal with the river Yssel. Still 
lower down, the Rhine takes 4he name of the Leek, a 
D 3 ^ • 
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name which was given to distinguish it f^om ^notlfer 
arm callec} the old Rhine, now sanded up, which passhd 
by UtrecAt and LclJ^den, to the sea at Catwytk. It is 
common, ih all gnjaUdeltas, that the principal channels 
,of discharge should shift from time^to tiifie; but in Hol- 
land so many magnidcent canals have been constructed, 
and have so diverted, from time to time, the course of 
the waters, that the geographical changes in this delta 
are endless, and their history, sincC*the Roman era, 
forms a complicated topic of antiquarian research. The 
present head of the delta is dboift forty geographical 
miles from the ncm-est part of tfip gulf called the Zuy- 
der Zee, and more than twice that distance from the 
general coast-line. Tlie present head of the delta of 
the Nile is about eighty or ninety geographical miles 
from Itle sea ; that of the Ganges, as we before stated, 
two hundred and twenty ; and that of the Mississippi 
about one hundred and eighty, reckoning from the 
point where the Atchafalaya branches off, to the ex- 
tremity of the new tongue of land in the Gulf of 
Mexico. But^uic comparative distance between the 
heads of ^deltas and the sea affords scarcely any data 
for estimating the relative magnitude of tlie alluvial 
tracts formed by tlieir respective rivers. For the 
ramifications dq^^end on many varying and temporary 
circumstances, and the* area» over which they extend 
docs not hold any^^constant proportion to the volume of 
water in the river. 

The llhinc therefore has at present •three mouths. 
About two-thirds of its waters flow to* the sea by the 
Waal, and the remainder is carried partly to the Zuy- 
der Zee by the Yssel, and partly to the ocean by the 
Leek. As the whole coast to the south, as far as 
-^Olttend, and qp the north, to the entrance of the Baltic 
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li&s, with few exceptions, from time immemorial, 
jfclcled to the force of the* waves, it is evident that 
the delta^of the Rhine, if it had advanced, wpuld have 
become extremely prominent; and even if it had re- 
mained statioxary, would long ere this have projected^ 
far beyond the rounded outline jof tlie coast, like that 
strip of land already described, at the mouth of the 
Mississippi. 'But we iind, on the contrary, that the 
islands which skirt the coiist have not only lessened in 
size, but in number alsd, while great bays have been 
formed inHhe interwr by incursions of the sea. 1 Shall 
confine myself to the enumeration of some of the lead- 
ing facts, in cofihrmation of these views, and begin 
widi the southernmost part of the delta, where the 
Waal enters, which is at present united with the 
Meuse, in the same manner as an arm of ';Aie Po, 
before mentioned, has become confluent with the 
Adige. The Meuse itself had once a common em- 
bouchure with the Scheldt, by Sluys and Ostburg, but 
this channel was afterwards sandfcd up, as were maify 
others between Walchercn, Bcveland,\Nid othcr^islands, 
at the mouths of these rivers.’ The new accessions 
were almost all within the epast line, anti were far 
more than counterbalanced by inroads of the sea, 
whereby large tracts of land, and dunes of blow;i» sand, 
together with towns aQtl viUagcs, were swept away 
between the fourteenth atid eijjhteentli centuries- 
Besides parts of Wdlchercn, Bevcland, and several 
populous districts in Kadzand, the island Ofisant was 
in the year 1 B58 entirely annihilated. ^ 

Inroads of the sea in Holland. — One of the most 
memorable irruptions occurred in HSl, where the 
tide, pouring into the mouth of the united Meuse and 
Waal, burst through a dam in the district named 

D 4? 
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Bergse-Veld, and overflowed seven ty-tiyo villages, 

tbrniing a jarge sheet of ^atcr called the Bies Bosch. 

Thirty-fivfe of the Ullages were irretrievably ^ost, and 

no vestige,* even ^f jheir ruifts, was afterwards seen. 

The rest were redeemed, and ‘the site of the others, 

* ^ 

^lougii still very generally represented on maps as an 

estuary, has in fact been gradually filled up by alluvial 
deposits, and is now, as J am informed iiy Professor 
Moll, an immense plain, yielding abundant crops of 
hay, though still uninhabited. To the north of the 
Medse is a long line of shore edverfed with sJind dunes, 
wh^^re great encroachments hdije ^aken place from 
time to time, in consequence chiefly of the prevalence 
of south-easterly winds which blow down the sands 
towards the sea. The church of Scheveningen, not 
far frdhi the Hague, was once in the middle of the 
village, and now stands on the shpre; half the place 
having been oycrwhelmed by the waves in 1570. 
Catwyck, once far from the sea, is now upon the 
sliore ; two of its streets having been overflowed, and 
land torn away 'to the extent of tw^o hundred yards in 
1710. It^is only by aid of embankments, that Petten, 
and several other places farther north, have«been de- 
fended against the sea. 

Fdhnatian of Ziiyder Zee and Straits of Staveren. 
— Still more important«are the changes which have 
taken place on thc^oast opposite the right arm of the 
Rhine, or the Yjssel, where the ocean has burst through a 
large isthmus, and entered the inland lake'Tlevo, which, 
in anciei# times, was, according to PomjloniuB Mela, 
formed by the overflowing of the Rhine over certain 
low lands. It appears that, in the time of Tacitus, 
Aere were several lakes in the present site of the 
Zuyder Zee, between PViesland and Holland. The 
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successive inroads by which these, and a great part 
the acjjoining territory, were transforn^d into a 
great guff, began about the commelicement, ^nd were 
completed towards the close of»tbfe thirteenth cen- 
tury. Alting* give^ the following relation of thc» 
occurrence, drawn from maniJscript documents of 
contemporary inhabitants of the neighbouring pro- 
vinces. In tlie year "1205, the island* now called 
Wieringen, to the south of the Tcxel, was still a 
part of the mainland, but during several high do^s, 
of which t\ie dates* arc* given, ending in December, 
1251, it was separated from the continent. By sub- 
sequent incursions, the sea consumed great parts of 
the rich and populous isthinus, a low tract which 
stretched on the north of Lake Flcvo, between Staveren 
in Friesland, and Medeinblick in Holland, till at length 
a breach was completed about tlie year 1282, and 
afterwards widened. Great destruction of land took 
place when the sea first broke in, and many town^ 
were swept away ; but there was after^wards a reaction 
to a certain extent, large traces at first subftierged 
having been gradually redeemed. The now straits 
south of »Staveren are more than half the width of 
those of Dover, but are very shallow, the greatest 
depth not exceeding two or three fathoms. The new 
bay is of a somewhat circhlar^form, and between thirty 
and forty in diameter. How Jfiucli of this space 

may formerly have been occupied by Lake l;levo, is 
unknown. \ 

Destructioh of Islands, — A series of islancR stretch- 
ing from the Texel to the mouths of the Weser and 
Elbe, are evidently the last relics of a tract once con- 
tinuous. They have greatly diminished in size, and 
have lost about a third of their number since the time^ 

• 0^5 
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of Pliny ; for that naturalist counted twenty-three 
islands Ijctween the Texel and Eider, whereas there 
are now^nly sixteen, including Heligoland and Nou- 
werk.* HcligolsfCul^* at the njouth of the Elbe, began 
in the year 800 to be much con%ume(f by #ie waves. 
•In the years 1300, f500, and 164*9, other parts were 
swept away, till at last only a rock of red marl (of the 
keuper formation of the Gefmans)^ aLout 200 feet 
high, and some low ground remained. Since 1770, a 
current has cut a passage no less than ten fathoms 
deep through this remaining portion, and has formed 
islands, Heligoland and S»nd 5 \Islarid. The fact 
of the new channel being laid down in all the charts 
as sixty feet deep is important, as show’ing the ex- 
cavatmg power of marine currents under favourable 
circumstances. On the other hand some few islands 
have extended their bounds in one direction, or become 
connected with others, by the sanding-up of channels ; 
Jbut even these, lilxc Jiiist, have generally given way 
as much on tljp north towards the sea as they have 
gaineef on the south,* or land side. ^ 

T/ie DoUart formed, — While the delta of the Rhine 
has suffered so inatcriitlly from the movements of the 
ocean, it can hardly be supposed that minor rivers on 
tlie same coast tihould have been permitted to extend 
their deltas. It appear^, tlfat in the time of the Ro- 
mans there was^n alluvial plain of great fertility, 
where tfie Ems entered the sea by three arms. This 
low country stretched between Groningen and East 
Friesland, and sent out a peninsula to the north-east 
towards Emden. A flood, in 1277, first destroyed part 
of the peninsula. Other inundations followed at difler- 

* If off, vol. 1, p'364, ^ 
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efit periods^throughout the fifteenth century. In 1 507, 
part only of Torum, a considerable town^ remained 
standing*^ and in spite of the erection of plains, the 
remainder of that place,* together yith mirkct-towns, 
villages, and monasteries, to the number of fifty, were 
finally overwhelmed. The ntnv«gulf, which was*callc{l 
the Dollart, although small in comparison to the 
Zuyder Zee,*occupied*no less than six square miles at 
first; but part 6f this space was, in the course of the 
two following centuries, J again redeemed from the sea. 
The smaft bay of feeylAicht, farther north, was fol^ned 
in a similar manner in* the thirteenth century ; anc^the 
bay of HarlbucKt, in the middle of the sixteenth, lloth 
of tliese have since been partially reconverted into 
dry land. Another new estuary, called the (kilf of 
Jahde, near the mouth of the Wescr, scarcely inferior 
in size to the Dollart, has been gradually hollowed 
out since the year 1016, between winch era and 1051 
a space of about four square miles has been added to 
the sea. The rivulet which now enters this inlet *is 
very small; but Arens conjectures, ti>at an arm of the 
Weser had once an outlet in that direction. 

Coa8\of Sleswick. — Farther north we find so many 
records of waste on the western coast of Slcswick, as 
to lead us to anticipate, that, at no^ distant pci*iod in 
the history of the physical geography of Europe, 
Jutland may become an island, jjnd the ocean may 
obtain a more direct entrance into the Baltic. So 
late as 1825 the sea made a breach and entered the 
Lym-Fiord, so that the northern extremitj^of Jutland 
w^as converted for a time into an island ; but the pas- 
sage is now closed again.^ 


• Malte-Brun, vol.viii. part ii. p^. 572. 
' p 6 
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Destrtiction of Northstrand by the sec^f — Nortli- 
strand, up,, to the year J 240, was, with tljp islands 
Sylt and f ohr, so nearly connected with the fnainland 
as to appeaV a pen(psMla, and was called North Fries- 
Jand, a highly cultivated and^ populous district. It 
tpeasiired from nine to eleven geographical miles from 
north to. south, and six to eight from east to west. In 
the above-mentioned year it Was tom iisunder from 
the continent, and in part overwhelnied. The Isle of 
Northstrand, thus formed, ^as, towards the end of 
the sixteenth century, only foilir g6ographical miles in 
cirgLimferenco, and was still dejielv*nted for its cul- 
tivation and numerous population. After many losses, 
it still contained nine thousand inhabitants. At last, 
in the year 1634, on the evening of the 11th of 
Octob^, a flood passed over the whole island, whereby 
1300 houses, with many churches, were lost; fifty 
thousand head ^f cattle perished, and above six thou- 
sand men. Three small islets, one of them still called 
jforthstrarid, alone remained, which are now con- 
tinually wasting 

Inroads ^of the sea mi the eastern shores of North 
America. — After so many authentic details respecting 
the destruction of the coast in parts of Europe best 
knowli, it will bt^ unnecessary to multiply examples of 
analogous chapges in more* distant regions of the 
world. It must nat, however, be imagined that our 
own seas form any exception to the general rule. 
Thus, for example, if wc pass over to' the eastern 
coast of North America, where the tides rise to a great 
elevation, we find many facts attesting the incessant 
demolition of land. At Cape May, for example, on 
the north side of Delaware Bay, in the United States, 
die encroachrpent of thd sea was shown by observ- 
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atjons madeiconsecutively for sixteen years, from 1 804 
to 1820, average about nine feet a yeaifi^ ; and at 
Sullivan’8 Island, which lies on the north si6e of the 
entrance of the harbour of Cbar^stown, in South 
Carolina, the *sea cjirried awa^ a quarter of a mile of* 
land in three years, ending in 1786.f » 

Tidal wave called “ the Bore"' — Before concluding 
my remarks bn the action of the tides,* I must not 
omit to mention {he wave called “ the Bore,” which is 
sometimes produced in a river where a large body of 
water is made to rise suddenly, in consequence of the 
contraction of thpachannel. This w^ive terminates ^nb- 
ruptly on the inland side; because the quantity of 
water contained in it is so great, and its motion so 
rapid, that time is not allowed for the surface of the 
river to be immediately raised by means of transmitted 
pressure. A tide wave thus rendered abrupt has a 
close analogy, observes Mr. WheweW* to the waves 
which curl over and break on a sl\elving shore. % ^ 

The Bore which enters the Severn, where the 
phenomenon is of almost daily, occurrence, is some- 
times nine feet high, and at spring tides rushes up the 
estuary ^ith extraordinary ra'{)idity. The same phe- 
nomenon is frequently witnessed in the principal 
branches of the Ganges, and in the Megna. In the 
Hoogly, or Calcutta rivbr,'' says Rcnnell, “ the Bore 
commences at Hoogly Point, th« place where the 
river first contracts itself, and is perceptible above 
Hoogly Tow^; and «o quick is its motion, that it 
hardly employs four hours in travelling frdUn one to 
the other, though the distance is nearly seventy miles. 

* New Monthly Mag., vol. vi. C9. f Hoff, vol. i. p, 96. 

t Phil. Trans., 1833, p.^S204. • 
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At Calcutta it sometimes occasions an instantaneous 
rise of five feet ; and b6th here, and in every otHer 
part of rts track, Hhe boats, on its approadi, imme- 
diately qdit theysbere, and make for safety to the 
middle of the river. In the^i^ channels, between the 
islands in the mouth •of* the Megna, the height of the 
Bore is said to exceed twelve feet ; and is so terrific 
in its appear<ance, and dangerous in its ‘consequences, 
that no boat will venture to pass 'at spring tide.” * 
These waves may sometimes’^cause inundations, under- 
mine cliffs, and still more frecjuently sweep' away trees 
ary^l land animals^ from low sltojre^ so that they may 
be carried down, and ultimately imbedded in fiuviatile 
or submarine deposits. 

Relative level of different seas. — There is another 
question, in regard to the gffects of tides and currents, 
not yet fully determined — how far they may cause 
the mean levql of the ocean to vary at particular 
places. According to the French observations in 
*Egypt the waters of the Kcd Sea maintain a constant 
elevation of between four and five fathoms above the 
neighbouring waters of the Mediterranean, at all times 
of the tide. Some ha^e attributed this to«A current 
setting up the lied Sea and raising its level. But 
RcdTiell has suggested that the Mediterranean may be 
lower than the Red Sea*; because its loss by evaporation 
may not be compensafld, especially at its eastern 
end, by the current setting in* through the Straits of 
^Gibraltar^ It has also been imagined that there is an 
equal, iftnot greater diversity, in the relative levels of 
th%Atlantic and Pacific, on the opposite sides of the 
iithmus of Panama. But the levellings recently car- 

^ Betincll, ^hil. Tnins. 1781. 
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T^ed acrosEi that isthmus by Mr. Lloyd, to ascertain 
the relative height of the racific Oceail Panama, 
and of trte Atlantic at the mouth of the rivef Chagres, 
have shown, that the difference orf* Mean level between 
those oceans % no^ considerable, and contrary to ex > 
pcctation the difference which docs exist is in favour 
of the greater height of the Pacific. According to the 
result of this* survey, on which great dependence may 
be placed, the mean height of the Pacific is three feet 
and a half or S.52 aboxe the Atlantic, if we assume 
the mean level of^ a sea to coincide with the mean 
between the extfom^is* of the elevation and depression 
of the tides ; for between the extreme levels of the 
greatest tides in the Pacific, at Panama, there is a 
difference of 27.44 feet ; and at the usual spring tides 
21.22 feet; whereas at Chagres this difference is only 
1.16 feet, and is the same at all seasons of the year. 

The tides, in short, in the Cawbbean Sea are 
scarcely perceptible, not equalling those in some parts 
of the Mediterranean, whereas the rise is very high in 
the Bay of Panama ; so that the, Pacific is at Ifigh tide 
lifted up several feet above the surface of tlie Gulf of 
Mexico, •and then at low wattjr let down as far below 
it.* But astronomers are agreed that, on mathemati- 
cal principles, the rise of the tidal wase above the*mean 
level of a particular sea* must be greater than the fall 
below it ; and although the differenee has been hitherto 
supposed insufiicient to cause an appreciable; error, it 
is, neverthele|s, worthy of observation, that the error, 
such as it may be, would tend to reduce‘*the small 
difference, now inferred, from the observations of Mr. 
Lloyd, to exist between the levels of the two oceans. 

« PhiL;rrans.,*1830, p. 59.* 
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I 

ACTION OF CURRENTS IN. INLAND LAKES* AND SEAgS. 

In 8uclf large bomes of water as the North American 
lakes, the ixintinuanct of a slron^ wind in one direc- 
4:ion often causes the elevation o^the frater, and its 
accurnulation on the leeward side ; and while tlif; equi- 
librium is restoring itself, powerful currents are 
occasioned. Jn October 18355 a strodjg current in 
Lake Erie, caused partly by the s6l pf the waters 
towards the outlet of the lake, and partly by. the pre- 
vailfng wind, burst a passage throu^i the sanely isthmus 
calkd Long Poin^ Peninsula, %pdtSpon excavated a 
channel more than nine feet d.eep and nine hundred 
feet wide. Its width and breadth have since increased, 
and a new and costly pier has been erected ; for it is 
hoped that the event wilL^iermanently improve the 
navigation of Lake Eric for steam >boats.* In the Black 
Sea, also, althcpigh free from tides, we Icarri from 
Pallas that there is^ a sufficiently strong current to 
undermine the cliffs in many parts, and particularly in 
the Critnea, ^ ^ 

The re^pndancy of river water in the Baltic, espe- 
cially during the melting of ice and snow ki spring, 
causes in general an outward current through the 
chanffel called live Cattegat. But after a continuance 
of north-westerly gales, especially during the height of 
the spring tides, tlM» Atlantic rises ; and, pouring a flood 
of water jinto the Baltic, commits dreadful devastations 
on thedsles of the Danish Archipelago. This current 
even act£t though with diminished force, as far east- 
ward as the vicinity of Dantzic.f flccounts written 
during the last ten centuries attedl^'4ie wearing down 

M«S. of Capt. Bayfield, KN. 

f (ji^camplas in Hoff, vol. i. p. 73., who cites Pisansky* 
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of j^romontorjes on the Danish coast, the deepening of 
gults, the severing of peninshlas from the n^ain land, 
and the wilste of islands, while in s^eral cases marsh 
land, defended for centuries by dilies? has atflast been 
overflowed, and* thousands of the inhabitants whelmed , 
in the waves. ^ . ' • • , 

Thus the island Barsoe, on the coast of Sleswick, 
has lost, year after year,* an acre ala time. > The island 
Alsen suiFers in li'kc manner. The peninsula Zingst 
was converted into an island in 1625. There is a 
tradition that the isl5 of llugen was originally torn by 
a storm from the maip*land of Pompraiiia: and it is 
known, jn later times, to have lost ground, as in the 
year 1625, when a tract of land ivas carried away. 
Some of these islands consist of ancient alluvial accu- 
mulations, containing blocks, jof granite, which are also 
spread over the neighbouring main land. The Marsh 
Islands are mere banks, like the lands /ormed of the 
warp in the Humber, protected by dikes. Some of 
them, after having been inhabited with security for 
more than ten centuries, have been suddenly* over- 
whelmed. In this manner, in 1216, no less, than ten 
thousand cf the inhabitants of the Eyderstede and Dit- 
marsch perished; and on the 11th of October, 1634*, 
the islands and the whole coast, as far .as Jutland, buf- 
fered by a dreadful deluge. * 

Cimhnan Deluge . — I have Ibefori enumerated the 
ravages of the ocean on the western shores of Sles- 
wick, and thebe are memorials of a series of like 

vt 

catastrophes on the eastern coast of that ptninsula. 
Jutland was the Cimbrica Chersonesus of the ancients, 
and was then evidently the theatre of similar calamities; 
for Floras says, “ Cimbri, Theutoni, atque Tigurini, 
ab extremis Gallise profugi, hum terras jeorum inun- 
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dasset Oceanus, novas sedes to to orbe ^uazrebant.”* 
Some have wished to connect this “ Cimbrian Delu|e ” 
with th^^burstin^of the isthmus between I^sgland and 
France, Ind wjth^ other supposed convulsions; but 
^ when we consider the fate of Heligoland and North- 
^ strand, and the other ‘ terrific inundations in Jutland 
and Holstein since the Christian era, wherein thou- 
sands have. perished, we need not resort to any such 
extraordinary catastrophes to account for the historical 
relation. The wave which in 1G34? devastated the 
whole coast of Jutland comnfitted such ha^oc, that we 
njust be cautious how we rej^t l\^istily the traditions 
of like events on the coasts of Kent, Cornwall, Pem- 
brokeshire, and Cardigan ; for, however sceptical we 
may be as to the amount of territory destroyed, it is 
very possible that former inroads of the sea may have 
been greater on those shores than any witnessed in 
'iQodern timesi^ 

^ Straits of Gibraltar . — It is well known that a pow- 
* erful current sets* constantly from the Atlantic into 
the Mediterranean, and its infiucnce extends along the 
whole southern borders of that sea, and even to the 
shores of Asia MinoE. Captain Smyth fo«nd, during 
his survey, that the central current ran constantly at 
th^ rate of from three to six miles an hour eastward 
into the Mediterraneax, tha body of water being three 
miles and a half |vide. ^ But there are also two lateral 
currents — one on the European, and one on the 
African side; each of them about two miles and a half 
broad, ond flowing at about the same rate as the cen- 
tral stream. These lateral currents ebb and flow with 
the tide, setting alternately into the Mediterr|nean 


* lib. ill. cap. s« 
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anJ into the Atlantic. The excess of water constantly 
flol^ing in is very great, and there is only one cause to 
which thi'i can be attributed, the lods of waller in the 
Mediterranean by evaporation* T^hat the l€Vel of this 
sea should be cmnsiderably depressed by this means is , 
quite conceivable, since we knefw that the winds blow-, 
ing from the shores of Africa are hot and dry ; and 
hygrometrical* experiments recently maeje in Malta 
and other placed, show that the mean quantity of 
moisture in the air investing the Mediterranean, is 
equal only^to one half of that in the astmosphere** of 
England. The terppe.titure also of the great inlapd 
sea is upon an average higher, as was before stated, 
by 34° of Fahrenheit, than the western part of the 
Atlantic ocean, which must greatly promote its evapo- 
ration. The Black Sea being situated in a higher 
latitude, and being the receptacle of rivers flowing 
from the north, is much colder, and its expenditure 
far less ; accordingly, it docs not draw any supply from 
the Mediterranean, but, on the contrary, contributes* 
to it by a current flowing outwards, foi the mest part 
of the year, through the Dardanelles. The discharge, 
however, ^at tlie Bosphorus is so small when compared 
to the volume of water carried in by rivers as to imply 
a great amount of evaporation even in the Black 4Sea. 

Wh^her saU he precipitateddn the Mediterranean * — 
It is, however, objected, that 'Evaporation carries away 
only fresh water, and that the current from the Atlan- 
tic is continu^ly bringing in salt water : why, then, do 
not the component parts of the waters of the M^iter- 
ranean vary ? or how can they remain so nearly the 
same as those of the ocean ? Some have imagined 
that the excess of salt might be carried away by an 
under-current running in a Contrary direction to the 
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superior; and this hypothesis appeared to receive cAh- 
hrmation froni a late discovery that the water tak^n 
up aboutjnfty milA* within the Straits, from* a depth 
of 670 fathoms, cgnt/iined a quantity of salt four times 
^greater than the water of the surface. Dr. Wollaston*, 
;who analysed this wat6r obtained by Captain Smyth, 
truly inferred that an under-current of such denser 
water, flowing outward, if of equal brcatlth and depth 
with the current near the surface, w^uld carry out as 
much salt below as is broi^ht in above, although it 
mbVed with less than one foufth };Art of tHfe velocity, 
and would thus prevent a perpAualjn crease of saltness 
in the Mediterranean beyond that existing in the 
Atlantic. It was also remarked by others, that the 
result would be the same if, the swiftness being equal, 
the inferior current had only one fourth of the volume 
of the superior. At the same time there appeared 
reason to conclude that this great specific gravity was 
only acquired by water at immense depths ; for two 
•specimens of the water, taken at the distance of some 
hundred miles from the Straits, and at depths of ^OO, 
and even 450 fathoms, were found by Dr. Wollaston 
not to exceed in density that of many ordinary sam- 
ples of sea-water. Such being the case, we can now 
profe that the ^ vast amount of salt brought into the 
Mediterranean does noA pass, out again by the Straits ; 
for it appears by^Capttfin Smyth’s soundings, which 
Dr. Wollaston had not seen, that between the Capes 
of Trafalgar and Spartel, which are twenty-two miles 
apart^ ai^ where the Straits are shallowest, the deepest 
part, which is on the side of Cape Spartel, is only 220 

* On the water of the Mediterranean, by W. H. Wollaston, 
H-D., F. R.S. ^ Phil. TranSi, 1829, parti, p. 29. 
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fa(lioins. It is therefore evident that if water sinks in 
ceirtain parts of the Mediterranean^ in consequence of 
the incre^^ of its specific gravity, -to greater depths 
than 220 fathoms, it can never Bow out again into' the 
Atlantic, sinca it must be stopped by the submarine 
barrier which crosses the shallowest part of the i^raits^ 
of Gibraltar. 

The idea of the existence of a counter-current, at 
a certain depth,* first originated in the following cir- 
cumstance: — M, De TAi^le, commander of a privateer 
called the^ Phoenix^ of' Marseilles, gave chase tif) a 
Dutch merchant-ship, ‘ciear Ceuta Point, and coming 
up with her in tll'e middle of tlic gut, between Tariffa 
and Tangier, gave her one broadside, which directly 
sunk her. A few days after, the sunk ship, with her 
cargo of brandy and oil, was cast ashore near Tangier, 
which is at least four leagues to the westward of the 
place where she went down, and directly against the 
strength of the central current.^ This fact, however, 
affords no evidence of an under-iurrent, because the' 
ship, when it approached the coast, would necessarily 
be within the inBuence of a lateral current, w^hicli, 
running n^estward twice every tp'enty-four hours, might 
have brought back the vessel to Tangier. 

What, then, becomes of the excess of salt ? for 
this is an enquiry of the highest geological interest. 
The Rhone^ the Po, and many hun^^red minor streams 
and springs, pour annually into the Mediterranean 
large quantities of carbonate of lime, together with 
iron, magnesik, silica, alumina, sulphur, other 
mineral ingredients, in a state of chemical solution. 
To explain why the influx of this matter does not alter 


Phil. TraiVJ., 1724. 
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the composition of this se,a has never been regarlled 
as a difficulty ; for it is known that calcareous r(A;ks 
are fornjSfng in thta delta of the Rhone, in tTif Adriatic, 
on the coast of Ajia Minor, and in other localities. 
, Precipitation is acknowledged to be tli^ means where- 
^by the surplus mincrahmatter is'disposed of, after the 
consumption of a certain portion in the secretions of 
testacea, zoophytes, and oth»r marine* animals. But 
before muriate of soda can, in like manner, be pre- 
cipitated, the whole Mediterranean ought, it is said, to 
b^ome as much saturated v^ith salt as Ljike Aral, the 
I^ead Sea, or the brine-spring of pheshire. 

It is undoubtedly true, in regard'to small bodies of 
water, that every particle must be fully saturated with 
muriate of soda before a single crystal of salt can be 
formed; such is probably the case in all natural 
salterns; such for example as those described by 
travellers as occurring on the western borders of the 
Black Sea, where extensive marshes are said to be 
^covered by thin films of salt after a rapid evaporation 
of seal water. 'The salt vtanga of the Rhone, where 
salt has sometimes been precipitated in considerable 
abundance, have been already mentioned. B|it whether 
it be necessary that every part of a sea of enormous 
depth should be fully saturated before any precipitate 
can take place is a question pf some difficulty. In the 
narrowest part of^the Straits of Gibraltar, where they 
are about nine miles broad, between the Isle of TarifFa 
and Al<^nzar Point, the depth varies from 160 to 500 
fathoms^ but between Gibraltar and*Ceuta, Captain 
Smyth sounded to the enormous depth of 950 fathoms ; 
where he found a gravelly bottom, with fragments of 
broken shells. Saussure sounded to the depth of two 
thousand feej, within a few yards of the shore, at Nice ; 



Ch. Vlt] IN THE MEDITERRANEAN. 71 

\ ** 

and'j M. B6rard has lately fathomed to the depth of 
luoi^e than six thousand feet iai several places without 
reaching tlje bottom.* ' 

The central abysses of this sea are, in all L’kelihood, 
at least as deep^ as the Alps are high; and, as at the 
depth of seven hundred fathonn o/ily, water has been 
found to contain a proportion of salt four times greater 
than at the surface, we may presume that the excess 
of salt may be much greater at the depth of two or 
three miles. After evaporation, the surface water 
becomes impregnated wit?i a slight excess of salt, ai.d 
its specific gravity being thus increased, it instantly 
falls to the bottom, while lighter water rises to the 
top, or flows in laterally, being always supplied by 
rivers and the current from the Atlantic. The heavier 
fluid, when it arrives at the bottom, cannot stop if it 
can gain access to any lower part of the bed of the 
sea, not previously occupied by water of the same 
density. In this manner the bottom of the nether- 
most submarine abysses must annually receive new 
supplies of brine, while the water at the surface, .being 
incessantly renewed by rivers and the current from 
the ocean, ^an never become saturated. 

How far this accumulation of brine can extend 
before the inferior strata will part with any of their 
salt, and what difference ]n suph a chemical process 
the immense pressure of the yacumbent ocean might 
occasion, are questions which cannot be answered in 
the present state of science. There is also ahother 
curious topic of speculation ; what changes qiay be 
effected by volcanic heat, so active in many parts of 
the bottom of the Mediterranean. A submarine hot- 


* Bull, de la Soc. Gcol. de Fraucp.— Bdsum4p.72. 1632. 
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spring pr stufa would give rise to. a new set of pl(;no- 
mena. Perhaps it niaytbc said that thchr effect wibuld 
only h(fto cause ascending and descendki^g currents, 
and thereby to promote the intermixture of the upper 
and lower waters of the sei. A i^plfatara, or rent 
thr&ugh which inflammable gadPs are continually es- 
cafungy might certainly convert sea-water into steam ; 
and in this case salt would ba, precipitated in the space 
from which the steam was expelled. Additional sup- 
plies of water might theipfind their way into the fis- 
sure, being injected into e^reryr’pore ofi the rock by 
|he vast pressure of the inikumbent ocean. If, by a 
repetition of tins process, the caV^ity was filled with 
8alt,^» other crystals of the same mineral would raoi*-* 
easily be formed from a solution, and might tlien 
spread along the bottom of the sea. Yet even In this 
case it should seem tliat the fluid must first be fully 
saturated. It is certainly most didicult to explain on 
chemical principles how a deposit of salt may take 
place at the bottom of the Mediterranean, but it is 
nevertheles a fact that the waters of that sea, notwith- 
standing the constant influx of salt-water from the 
Atlantic, contain biyt a slight excess muriate of 
soda above the ordinary waters of the ocean. 

> •In regard to the probable origin of those continu- 
ous masses of^ rock'^alt ;^hich we find in Poland, 
Hungary, Transylvama, and Spain, geologists have 
entertained very different opinions; but the theory 
which* has obtained most favour in later times attri- 
butes 4hcm not to precipitation from*^ aqueous men- 
struum, but to sublimation from volcanic exhalations 
rising from below, which insinuate themselves into 
rents and vacuities, caused by the fracture and decom- 
position of ^rocks. 9 
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straits of Gibraltar are said to become gradually 
wioer by the wearing down of the cliffs on each side 
at many p^lbts; and the current seif along the coast 
of Africa so as to cause cotisiderab)^ inroads fti various 
parts, particulaify near Carthage. Near the Canopic 
mouth of the Nile, at Aboukir,*tbe toast was gre'atly 
devastated in the year 17H4, when a small island was 
nearly consumed. By series of similar ^operations, 
the old site of the 'cities of NicopoHs, Taposiris, Parva, 
and Canopus, have become^a sand-bank.* 

Sand^HiiHs , — It fTfequcbtly happens, where tlie sea 
is encroaching on a, that perpendicular cliffs o# 

considerable heiglit, composed of loose sand, supply, 
as they crumble away, large quantities ol‘ fine Sand, 
which, being in mid-air when detached, are car- 
ried by the wir to great distances, covering the 
land or barring up the mouths of estuaries. This is 
exemplified in Poole Bay, in Hampsliire^ and in many 
points of the coast of Norfolk and Suffolk. But a 
violent wind will sometimes drift the sand of a sec 
beach, and carry it up with fragments of shells to^real 
heights, as in the case of the sands of Barry, at the 
northern siie of the estuary of the Tay, where hills oJ 
this origin attain the height of 140 Het. 

On the coast of France and Holland^ long chains^ oJ 
these dunes have been -formed in many parts, anc 
often give rise to very important gdplogical changes 
by damming up the mouths of estuaries, and prevent- 
ing the free ingress of the tides, or free efflux of rivei 
water* * 

• Clarke’s Travels in Burope, Asia, and Africa, vol. iii 
pp. 34 a and 363. 4lh edition. 
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llEPRODUOTIVE EFFECTS OF* TIDES Alfo CUBBENTS. 

Rcproducti^ efiTects of tides apcl currents — Silting up of es- 
*tuaries does not compensate th$ losst)f land on^the borders of 
the ocean — Bed of the German ^ccan (p. 81.) — Composition 
and^lie:||^||i^nt of its^and-banks — Strkta deposited by currents on 
tho%duihern and eastern shores of the Mediterranean — Traus- 
poriation by currents of the sediment of the Amazon^ Orinoco, 
and Mississippi (p. 84.) — Stratification. 


PttOM the facts enumerated in the last chapter, it ap- 
pears that, on the borders of the ocean, currents and 
tides co-operating with the weaves of the sea arc most 
powerful instruments in the destruction and transport- 
ation* of rocks; and as numerous tributaries discharge 
their alluvial burden into the channel of one great 
river, so we find tha^ many rivers deliver |{heir earthy 
contents to one ifillrinfr current, to be borne by it to a 
distance, and deposited in some deep receptacle of the 
ocean. The client not only receives this tribute of 
sedimentary ma^r fAim streams draining the land, 
but acts also itself on the coast, as does a river on the 
clilfs which bound a valley. The course of currents on 
the Br^ish shores is ascertained to lie as tortuous as 
that of ordinary rivers. Sometimes they run between 
sand-banks, which consist of matter thrown down at 
certain points where the velocity of the stream had 
been retarded ; but it iPery frequently happens, that as 
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in river one bank is made pf low alluvia] gravel, 
while the oilier is composed of some, hard a^Ai lofty 
rock constantly undermined, so the current, in its 
bends, strikes here and there upon a* coast, which then 
forms one bank, while* a shoal ujider water forms the 
other. If the coast, be composed of solid materials, it 
yields slowly ; so also if it Jje of great height, for in that 
case a large quantity of matter must be removed before 
the sea can penetrate to any distance. But^e open- 
ings where fivers enter arb generally the points of 
least resistance, and it js here, therefore, that the 
ocean makes the widest ’and deepest bibache8.;j ' 
A current alone cannot shape out and keep opoh an 
estuary, because it holds in suspension, like the river, 
during certain seasons of the year, a large quantity of 
sediment ; and where the waters, flowing in opposite 
directions, meet, this matter subsides. For this reason, 
in inland seas, and even on the borders oV the ocean, 
where the rise of the tide happens to be slight, it is 
scarcely possible to prevent a harbour from silting^up ; 
and it is often expedient to carry out a jetty beyond 
the point where the marine current and the riv&r neu- 
tralize each other's force; for beyon^^his point a free 
channel is maintained by the superior strength of tl^^ 
current. ^ ^ * 

JEstuaries, how formed, — ‘the fproillfon and keeping 
open of large estuaries are due to XhQcotnhined injlu^ 
mce of the tidal currents and rivers; for when the 
tide rises, a larger body of water suddenly enters tlie 
mouth of the river, where, becoming confined within 
narrower bounds, while its momentum is not destroyed, 
it is urged on, and, having to pass through a contracted 
channel, rises and runs with inerpased velocity, just as 
a stream, when it reaches the arch of a bridge scarcely 
^ E 2 . 
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large enough to give passage to its watcls, rushes fvith 
a stee|f fall thiipugh the arch. During #hc ascent of 
the tide^ a body of fresh w^ter, flowing down from the 
higher country, is arrested In its course for several 
hours ; and thus a Jarge lake, of brackish water is 
accumulated, which, when tlie sea ebbs, is let loose, 
as on the removal of an artificial sluice or dam. By 
the force of this retiring water, the alluvial sediment 
both of. the river and of .the sea is swept away, and 
transported to such a distasce ftom the mouth of the 
estuary, that a small part ^nly can return with the 
next tide. * * * • 

It sometimes happens, that during a violent storm a 
large bar of sand is suddenly made to shift its position, 
so as to prevent the free influx of the tides, or efflux of 
river water. Thus about the year 1500 the sands at 
Bayonne were suddenly thrown across the mouth of 
the Adour. That river, flowing back upon itself, 
soon forced a p&ssage to the northward, along the 
san<}y plain of Capbreton, till at last it reached the 
sea at Boucau, af the distance of seven leagues from 
the pomt where it liad formerly entered^ It was not 
till the year 1 579 that the celebrated architect, Louis 
(ie Foix, undertook, at the request of Henry III., to 
re-open the ancient ^IianneJ, which he at last effected 
with great difficdlty.# 

Tides m Bstmries. — In the estuary of the Thames 
at L^>ndon, and in the Gironde, th^ tide flows five 
hour^ and ebbs seven, and in all csituaries the water 
requires a longer time to run down than up ; so that 
the preponderating force is always in the direction 

» Kouvelle Chronique^de la WIe de Bayonne, pp. 113. 139. 

27. 
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whifeh tends Jo keep open a deep and broad passage. 
But as both the river and the tidal current are^ ready 
to part with' their sediment whenever their velocity is 
checked, there is naturally 'a tendency in all estuaries 
to silt up partially, since eddies, and backwaters, and 
points where opposing streams meet, are very nunier- 
ous, and constantly change their position. 

Silting up of Estuaries Sloes not compensate^ for loss of 
coasts, — Many writers have declared that the gain on 
our eastern coast, since th^ earliest periods of history, 
has more than counterbalanced the loss ; but they have 
been at no pains toicajculate the amount of loss, and, 
have often forgotten that, while the new acquisitions are 
manifest, there are rarely any natural monuments to 
attest the former existence of the land that has been 
carried awa3^ They have also taken into their account 
those tracts artificially recovered, which arc often of 
great agricultural importance, and may remain secure, 
perhaps, for thousands of years, buj which arc only a 
few feet above the mean level of the sea, and are 
therefore exposed to be overflowed again by a small 
proportion of the force required to remove ^cliffs of 
considerable height on our shones. If it were true 
that the area of land annually abandoned by the sea 
in estuaries were equal to that invaded by it, there 
would still be no compensation in kind. 

It will seem, at first sight, somev^hat paradoxical, 
but it is nevertheless true, that the greater number of 
estuaries, althodj^h peculiarly exposed to the invasion 
of the sea, are usudly contracting in size, even^wiiere 
the whole line of coast is giving way. But the fact is, 
that the inroads made by the ocean upon estuaries, 
although extremely great, are completed during periods 
of comparatively short duration ; and in tjie intervals 
B 3 
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betvFeen these irruptions, the mouths rivers, ^like 
other lyirts of the coast, usually enjoy a more or less 
perfect respite. All the estuaries, takeh together^ 
constitute but a small part' of a great line of coast ; it 
is, therefore, most probable, tljat if* our observations 
extend to a few cehturies only, we shall not see any, 
and very rarely all, of this small part exposed to the 
fury of the ocean. The coast of Holland and Fries- 
land, if studied for several consecutive centuries since 
the Roman era, would generally have led- to the con- 
clusion that the land was encroaching fast upon the 
«3ca, and that the aggrandizement within the estuaries 
far more than compensated the losses on the open 
coast. But when our retrospect embraces the whole 
period, an opposite inference is drawn : and we find 
that the Zuyder Zee, the Bies Bosch, Dollart, and 
Yahdc, are modern gulfs ^d bays, and that these 
points have been the principal theatres of the retreat, 
instead of the adyance, of the land. If we possessed 
records of the changes on our coast for several thousand 
years, they wouH probably present us with similar 
results ; and although we have hitherto seen our 
estuaries, for the most part, become paYtially con- 
verted into dry land, and bold cliffs intervening be- 
tween the mouths of rivers consumed by the sea, this 
has merely arisen frotn the accidental set of the cur. 
rents and tides ckiring* a brief period. 

The current which flows round from the north-west, 
and bears against the eastern coast oi^*£ngland, trans- 
ports, %s we have seen, materials of various kinds. It 
undermines and sweeps away the granite, gneiss, trap 
rocks, and sandstone of Shetland, and removes the 
gravel and loam of the dills of Holderness, Norfolk, 
and Suffolk^ which are*betw^n fifty and two hundred 
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fee^in heigh|, and which waste at the rate of from one 
to six yards annually. It behrs away the ^trata of 
London clay on the coast of Essex ana Sheppey — con- 
sumes the chalk with its *fllnts for many mfles conti- 
nuously on the shores of Kent and Sussex — commits 
annual ravages on the fresh -wafer* beds, capped by a • 
thick covering of chalk dints, in Hampshire, and con- 
tinually saps thb foundations of the Portland limestone. 
It receives, besides, during the rainy months, large 
supplies of pebbles, sand, ^nd mud, which numerous 
streams from the \jrampians, Cheviots, and other 
chains, send down to t]i^ sea. To w|)at regions, ther^, 
is all this matter .consigned? It is not retained in 
mechanical suspension by the waters of the sea, nor 
does it mix with them in a state of chemical solution, 
— it is deposited somewhere^ yet certainly not in the 
immediate neighbourhood of our shores ; for, in that 
case, there would soon be a cessation o^the encroach- 
ment of the sea, and large tracts^ of low land, like 
llomney Marsh, would almost every where encircle 
our island. 

As there is now' a depth of water, exceeding thirty 
feet, in so&ie spots where citios flourished but a few 
centuries ago, it is clear that the current not only 
carries far away the materials of the wjisted cliffs, but 
removes also the ruins of many of the regular strata 
at the bottom of the sea. 

So great is the quantity of matter held in suspen- 
sion by the tidU current on our shores, that the waters 
are in some places artiflcially introduced into •certain 
lands below the level of the sea; and by repeating 
this operation, which is called “ warping,” for two or 
three years, considerable tracts have been raised, in 
£ 4 • 



80 REI^lODyCTlVE EFFECTS OF [Book IL 

the estnary of the Humber^ to the height of abouifi^six 
feet. I^a current, charged with such materials, meets 
with d<iep deprellsions in the bed of the ocean, it must 
often hU^cbem up ;«just as & river, when it meets with 
a lake in its course, hlls it gradualljji with sediment. 
But*in the one casej the sheet of water is converted 
into land ; whereas, in the other, a shoal only is raised, 
overflowed, at high water, oi'at least 'by spring tides. 
The only records which we at present possess of the 
gradual shallowing of seas ^re confined, as might be 
eipected, to estuaries, havens, and certain channels of 
\jo great depth ;^and to some tnjand seas, as the Baltic, 
Adriatic, and Arabian Gulf. It is only of late years, 
that accurate surveys and soundings have afforded 
data of comparison in very deep seas, of which future 
geologists will avail themselves. 

An extraordinary gain of land is described to have 
taken place q]t the head of the Red Sea, the Isthmus 
of Suez having doubled in breadth since the age of 
Herodotus. In his time, and down to that of Arrian, 
Heroopolis was on the coast; nowit is as far distant 
from the Red Sea as from the Mediterranean.* 
Suez in 1541 received into its harbour lehe fleet of 
Solyman II. ; but it is now changed into a sand-bank. 
The country called Tehama on the Arabian side of 
the Gulf has increased from* three to six miles since 
the Christian era^ Inknd from the present ports are 
the ruins of more ancient towns, which were once on 
the sea-shore, and bore the same names. It is said 
that tlie blown sand from the deserts supplies some 

* Danville, M4tn. sur I’Egypte, p. 108. ^ Von Hoff, vol, i. 
p. 390. 
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palt of the fhaterials of this Dew land, and that the 
rest is coniposed of shells and corrls, of T^ich tlie 
growth is very rapid. ^ » * 

Filling up of the German Ocean, — The German 
Ocean is deepest oif the Norinegian side, where; the 
soundings give 190 fathoms; but the mean depth of 
the whole basin may be,statcd at no more than thirty- 
one fathoms-* The bed of this sea is traversed by 
several enormous banks, one of which, occupying a 
central poskion, trends from the Frith of Forth, in *a 
north-easterly direction., to a distance of 1 10 miles ; 
others run from Denmark and Jutland upwards of lOS 
miles to the north-west ; while the greatest of all, the 
Dogger Bank, extends for upwards of 354* miles from 
north. to south. The whole superficies of these enor- 
mous shoals is equal to about one fifth of the whole 
area of the German Ocean, or to about one third of 
the whole extent of England and Scdtland.f The 
average height of the banks measRircs, according to 
Mr. Stevenson, about seventy-eight feet; the upper 
portion of them consisting of fine tind coarse siliceous 
sand, mixcf} with comminuted corals and shells- 

It has been supposed by some writers, that these 
vast submarine hills arc made up bodily of drift saigd, 
and other loose matcriaU, principally •supplied from 
the waste of the English, Du{ch, and other coasts. 
But the late survey of the North Sea, conducted by 
Captain Hewe^t, affords ground for suspecting that 
this opinion is •very erroneous. If such immense 
mounds of sand and mud had been accumulateif under 

* Stevenson on the Bed of the Gernian Ocean, or North Sea. 
— Ed. Phil. Journ. No. V. p. 44. 1820. 
f Ibid., p. 47. 4 Ibid. 
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the influence of currents, the same causes ought nearly 
to have' reduced to a level the entire brttom of the 
German , Ocean ; instead of which some long narrow 
ravines arc found to intersect the banks. One of these 

It 

varies from seventeen to forty-four fethoms in depth, 
and has very precipitous sides : in one part, called the 
<* Inner Silver Pits,” it is fifty^five fathi^ms deep. The 
shallowest parts of the Doggerbank.were found to be 
forty-two feet under water, except in one place, where 
the wreck of a ship had caused ra shoal ^ so that we 
may suppose the currents, wldch vary in their velocity 
from a mile to two miles and a half" per hour, to have 
power to prevent the accumulation of drift matter in 
places of less depth. It seems, then, that the great 
banks above alluded to, and the ravines which intersect 
them, cannot be clue to the tides and currents now ex- 
isting in this sea. They may, however, have been 
caused in great part by the movements of tlie ocean 
at some former pci’iod, when the bed of this sea, and 
the surface of Uie land adjoining, assumed its actual 
configuration. 

StratU deposited hy currents, — It appears extraor- 
dinary, that in some^ tracts of the sea, adjoining the 
copst of England, where we know that currents are 
not only sweeping along rocky masses, thrown down, 
ftom time to time, from the high cliffs, but also occasion- 
ally scooping out channels in the regular strata, there 
should exist fragile shells and tender zoophytes in 
abundance, which live uninjured by these violent move- 
ments. The ocean, however, is in tliis respect a coun- 
terpart of the land ; and as, on the continents, rivers 
may undermine their banks, uproot trees, and roll 
along sand and gravel, while their waters are inhabited 
by testacea and fish, and their alluvial plains are 
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adirned with rich vegetation^ and forests^ so the sea 
may be t^versed by rapid currei>ts, andb bs bed 
may her^ and there suffer g^eat local derji%ement, 
without any interruption of the* general order and 
tranquillity. * • 

One important character in the 'formations produced 
by currents, is^ the immense extent over which they 
may be the means of diffusing homogeneous mixtures 
for tliese are often co-ex{;ensive with a great line 
coast, and, by coiijparisdn with their deposits,' it jie 
deltas of rivers must shrjnk into insignificance. In the 
Mediterranean, the s£»ne current which is rapidly de- 
stroying many parts of the African coast, between the 
Straits of Gibraltar and the Nile, preys also upon the 
delta of the Nile, and drifts the sediment of that great 
river to the eastward. To this source may be attri- 
buted the rapid accretions of land on parts of the 
Syrian shores where rivers do not enter. 

It is the opinion of M. Girard, one of the scientific 
men who accompanied Napoleon’s expedition to Kgypt, 
and who were employed on the survey of the ancient 
canal of A^mron, communicating between thoNile and 
the Red Sea, that the isthmus of Suez itself is merely 
a bar formed by the deposition of this current and of 
the Nile, and that the two seas were formerly united.* 
It is certain, as' before stated, fliat the isthmus is daily 
gaining in width by the accession Of fresh deposits on 
the shores of tjie Mediterranean. f . 

The ruins of» ancient Tyre are now far inland, and 
those of ancient Sidon are two miles distant from the 

« Description de TEgypte, Memoircs, tom. i. p. 33, 
f Quarterly Review, No. Ixxxvi, p. 445, 

E 6 • 
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coast, the modern town having been removed tow j^ds 
the 8ea.|5 But^{he south coast of Asia M^nor affords 
far more striking examples of advances of the land 
upon the sea, where small, streams co*operate with the 
current before mentioned. Captain Beaufort, in his 
Survey of that coast, has pointed out the great alter- 
ations effected on these shores since the time of Strabo, 
where havens are filled up, islands jojned to the main- 
land, and where the whol^ continent has increased 
many miles in extent. Str 4 ))o hijpself, on. comparing 
the outline of the coast in his time with its ancient 
state, was convinced, like our couhti;yman, that it had 
gained very considerably upon the sea. The new- 
formed strata of Asia Minor consist of stone^ not of 
loose, incoherent materials. Almost all the streamlets 
and rivers, like many of those in Tuscany and the 
south of Italy, hold abundance of carbonate of lime in 
solution, and precipitate travertin, or sometimes bind 
together the sand and gravel into solid sandstones and 
conglomerates : every delta and sand-bar thus acquires 
solidity, which oftcp prevents streams from forcing 
their way through them, so that their mouths are con- 
stantly changing their position.f 

Distribution of ifte sediment of the Amazon by cur- 
renlsn — Among, the greatest deposits nom^ in progress, 
and of which the distribution *is chiefly determined by 
currents, wc may* class those between the mouths of 
the Arpiizon and the southern coast of North America. 
Jt has been before stated that a great current flows 


* Hoff, vol. i. p. 253. 

+ Karamania,^. or a brief Description of the Coast of Asia 
Minor, &c. London, 1817., 
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al(iig the ccost of Africa, from the south, which, when 
it reaches head of the Gulf of^Guine% and is 
opposed hy the waters brought to the san)^e*’8pot by 
the Guinea current, streams off in h westerly direction, 
and pursues its* rapid* course quite across the Atlantic 
to the continent of South America. Here one portion • 
proceeds along the northern coast of Brazil to the 
Caribbean Sea aqd the Gulf of Mexico. ‘Captain Sa- 
bine found that this current was running with the 
astonishing rapidity; of jj^ur miles an hour where^it 
crosses the stream of the Amazon, which river pre- 
serves part of itSfedripinal impulse, and has its waters 
not wholly mingled with those of the ocean at the dis- 
tance of three hundred miles from its mouth.* The 
sediment of the Amazon is thus constantly carried to 
the north-west as far as to the mouths of the Orinoco, 
and an immense tract of swamp is formed along the 
coast of Guiana, with a long range of muddy shoals 
bordering the marshes, and becoming converted into , 
land.t The sediment of the Orinoco is partly de- 
tained, and settles near its mouth, causing the*shores 
of Trinidad to extend rapidly, and is partly swept 
away into the Caribbean Sea by the Guinea current. 
According to Humboldt, much sediment is carried 
again out of the Caribbean Sea into the Gulf of Mex- 
ico. The rivers, also, which Mescend from the high 
platform of Mexico, between tlic nrJbuths of the Norte 
and Tampico, when they arrive, swollen by ^tropical 
rains, at the e3|ge of that platform, bear down an enor- 
mous quantity of rock and mud to the sea ; *but the 

* Experiments to determine the Figure of the Earth, &c. 
p. 445. 

t Lochead’s Observations on tliej^at. Hist, of Guiana. Edin. 
Trans., vol. iv. * 
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current, setting across , their mouths, pirevents liie 
groRTth fi deltas* and preserves an almq,st uniform 
curve in'^tjiat line of coast.* It must, therefore, exert 
a great transporting powet;, and it cannot fail to sweep 
away part of the matter which is» discharged from the 
'mouths of the Norte and the Mississippi. 

Area over which strata may he formed hy currents * — 
In regard to the distribution of sediment by cur- 
rents, it may be observed, t^at the rate of subsidence 
of the finer mud carried dowH^ by eyery*gre^ river into 
the ocean, must be extreme^ slow; for the more 
nffnute tlie separate particles of> mWl, the slower will 
they sink to the bottom, and the sooner will they 
acquire what is called their terminal velocity. It is 
well known that a solid body, descending through a 
resisting medium, falls by the force of gravity, which 
is constant, but its motion is resisted by the medium 
more and moi^ as its velocity increases, until the 
t resistance becomes sufficient to counteract the further 
increase of velocity. For example, a leaden ball, on© 
inch diameter, falling through air of density as at the 
earth’s sinrface, will never acquire greater velocity 
than 260 feet per second, and, in water, its greatest 
velocity will be 8 feet 6 inches per second. If the 
diameter of the hall were ^ of an inch, the terminal 
velocities in air would be 26 feet, and in water .86 of a 
foot per second. 

Nowjtcvery chemist is familiar with the fact, that mi- 
nute particles descend with extreme slowness through 
water, the extent of their surface being very great 
in proportion to their weight; and the resistance of 
the fluid dep^pdtng on the amount of surface. A pre- 

♦ This coast has been recently examined by Captain Vetch.— 

. See also Bauza's new chart of the Gulf of Mexico. 
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cipitate of stilphate of baryta* for example, will some- 
times re(||uire more than five or six .^ours subside 
one inch ♦ ; while oxalate^ and phosphate ctf lime re- 
quire nearly an hour to subside about an inch and a 
half and two inched respectively f, so exceedingly 
small are the particles of which these substances 
consist. . • 

When we recollect that the depth of *the ocean is 
supposed frequently to exceed three miles, and that 
currents run through difierent parts of that ocean >at 
the rate of four mjles an hour, and when at the same 
time we consider*thaf some fine mud carried down 6y 
rivers, as well as the impalpable powder showered 
down by volcanos, may subside at the rate of only an 
inch per hour, we shall be prepared to find examples 
of the transportation of sediment over areas of inde- 
finite extent. 

It is not uncommon for the emery *powder used in 
polishing glass to take more than •an hour to sink one • 
foot. Suppose mud, composed of particles twice as 
coarse, to fall at the rate of tWo feet per hour, and 
these to ,be discharged into that part of* the Gulf 
Stream which preserves a mean velocity of three 
miles an hour for a distance of two thousand mjlcs ; 
in twenty-eight days these garticles* will be carried 
2016 miles, and will have fallen only to a depth of 
224? fathoms. * 

In this example, however, it is assumed that the 
current retains its superficial velocity at the depth of 
224? fathoms, for which wc have as yet no data. Ex- 
periments should be made to ascertain the rate of 
currents at considerable distances from the surface, 

* On the authority o# Mr, Faraday. 

f On the authority of Mr. 11. Phillips. • 
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and the time taken by^ the finest river '«edlment^ to 
settle inf ysea-wQter of a given depth, ai>d then the 
geologist ^ay determine the area over which homo- 
geneous mixtures may be simultaneously distributed 
in certain seas. • 

Stratification . — In regard to the internal arrange- 
ment of formations deposited in the deep sea by cur- 
rents far from the land, we may infer, that in them, as 
in deltas, there is usually a division into strata ; for, in 
bojbh cases, the accumulations arc successive, and, for 
the most part, interrupted. The waste of cliffs on the 
British coast is almost entirely'* jonfitned to the winter 
months ; so that running waters in the sea, like those 
on the land, are periodically charged with sediment, 
and again become pure. 
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lONEOUS CAUSES. 

« 

• 

Changes of ftic inorgahic world, /-ow/mMrrf — Igneous causes*— 
Division of the subject — •Distinct volcanic regions — 1-tegion 
of the Andes — System d^ volcanos extending from llie Aleutidb 
isles to the Moluccas (p, 99.) — Polynesian archipelago — 
Volcanic region extending from the Caspian Sea to the Azores 
— Former connection of the Caspian, Lake Aral, and Sea of 
Azof — Tradition of deluges on the shores of the Bosphorus, 
Ifellespont, and Grecian isles (p. 104.)— Periodical alternation 
of cartliquakes in Syria and Southern Italy — \Vestern limits of 
the European region (p. 111.) — Eartlupialces rarer and more 
feeble as we recede from tbe centres o? volcanic action — Ex- 
tinct volcanos not to be included in lines of active vents. 


We have hitherto considered the changcs*,w2"otight,^, 
since the times of history and tradition, by the conti- 
nued action of aqueous causes on the earth s surface ; 
and we have next to examine those resulting from 
igneous agency. As the rivers*and springs on tiie land, 
and the tides and currents in the sea, have, with some 
slight modifictftions, been fixed and constant to* certain 
localities from the earliest periods of which have 
any records, so the volcano and the earthquake have, 
with few exceptions, continued, during the same lapse 
of time, to disturb the same regions. But as there are 
signs, on almost every part of our contineiit, of great 
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power having been exerted by running ^ater on*, die 
surface of the land, and by waves, tides, and currents 
on cliff^orderSig the sea, where, in moderr,. times, no 
rivers ha^e excava/ed, and no waves or tidal currents 
undermined — so we hnd’^^ signs of volcanic vents and 
violent subterranean inovements in places where the 
action of fire has long been dormant. We can explain 
why the intensity of the force of aqueods causes should 
be developed in succession in different districts. Cur- 
rents, for example, tides, '^nd the w.aves of the sea, 
cannot destroy coasts, shape out or silt up estuaries, 
break through isthmuses, ancT ^.nnihilate islands, form 
shoals in one place and remove them from another, 
without the direction and position of their destroying 
and transporting power becoming transferred to new 
localities. Neither can the relative levels of the earth’s 
crust, above and beneatli the waters, vary from time 
to time, as they are admitted to have varied at former 
periods, and as it will be demonstrated that they still 
do, without the continents being, in the course of ages, 
modified, and even entirely altered, in their external 
configuration. Such events must clearly be accom- 
panied by a complete change in the volume, velocity, 
and direction of the streams and land floods to which 
certain regions give passage. That we should find, 
therefore, cliffs where tlie sea*once committed ravages, 
and from which i^ has now retired — estuaries where 
high tides once rose, but which are now dried up- 
valleys' hollowed out by water, where lio streams now 
flow, is^ no more than we should expect these and 
similar phenomena are the necessary consequences of 
physical causes now in operation ; and, if there be no 
instability in the laws of nature, similar fluctuations 
must recur again and again in time to come. 
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l^ut, however natural it may be that the force of 
running water in numerous talleys, and of tides and 
currents in* many tracts of the sea, should 'now be 
it is by no means «so easy«to explaiA why the 
violence of the learth^uake and the fire of the volcano 
should also have become locally extinct, at successive ^ 
periods. We can look back to the time when the ma- 
rine strata, whereon thd great mass of Etija rests, had 
no existence ; and that time is extremely modern in 
the earths history. Thj^ alone affords ground for 
anticipating that tlie eruptions of Etna will one ddy 
cease. 


Nec qua^ sulfureis ardct fornacibus jl^tna 
Jgnca semper crit, nequr enhn fuit ignea sernper, 

are the memorable words which are put into the mouth 
of Pythagoras by the Roman poet, aiii/i they are fol- 
lowed by speculations as to the cause o( volcanic vents 
shifting their positions. Whatever .doubts the philoso- 
pher expresses as to the nature of these causes, it is 
assumed, as incontrovertible, th^t the points o^ erup- 
tion will hereafter vary, because they Imve^formerly 
done so. • i 

I have endeavoured to show, in former chapters, 
that this principle of reasoning has bc^n too mucMset 
at naught by some moda'n schools of geology, which 
not only refuse to conclude tlfkt g«cat revolutions in 
the earth's surface are now in progress, or that they 
will take place* hereafter, because they have often been 
repeated in former ages, but even assume the impro- 
bability of such a conclusion, and throw the whole 
weight of proof on those by whom that doctrine is 
embraced. 

Division of the subject — flumboldt .baH defined 
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volcanic action to be “ the influence exerted by ithe 
interior of a planet on its external covering during the 
different stages ^ refrigeration** If we adopt the first 
part of this definition, without connecting it with the 
theory of secular refrigel'ation, or the cooling down of 
an original heated .and fluid nucleus, we may then 
class under a general head all the subterranean phe- 
nomena, whether of volcanos, earthquakes, or those 
insensible movements of the land, by which, as will 
afterwards appear, large dj^stricts may be depressed 
or- elevated, without convulsions. ' According to this 
view, I shall consider, first, thi voloano; secondly, the 
earthquake ; thirdly, the rising or sinking of land in 
countries where there arc no volcanos or earthquakes; 
fourthly, the probable causes of the changes which 
result from subterranean agency. 

It is a very general opinion, that earthquakes and 
volcanos have a common origin ; for both are confined 
to certain regions, although the subterranean move- 
ments are least violent in the immediate proximity of 
volcanic vents, especially where the discharge of 
aeriform fluids and melted rock is made constantly 
l^rom the same crater. But as there are particular 
regions, to which both the points of eruption and the 
mowments of great earthquakes are confined, I shall 
begin by tracing out the geographical boundaries of 
some of these, thf t thv3 reader may be aware of the 
magnificent scale on which the agency of subterranean 
fire is riow simultaneously developed. Over the whole 
of the ^yast tracts alluded to, active" volcanic vents 
are distributed at intervals, qnd most commonly ar- 
ranged in a linear direction. Throughout the inter- 
^mediate spaces there is abundant evidence that the 
feubterranean^ fire is ar work continuously, for the 
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grtHind is convulsed from time to time by earthquakes ; 
gaseous vajiours, especially carbonic aqid gas,|are dis- 
engaged plentifully from the soil ; springs often issue 
at a very high temperafure, and their waters arc 
usually impregAated vith the same mineral matters as 
are discharged by volcanos during eruptions. 

DISTINCT REGIONS OF SUBTERRANEAN DISTURBANCE. 

• 

Region qf the Ant}es. — ;*Of these great regions,’ llyit 
of the Andes is one of the best defined, llespecting 
its southern extrpfnlty, we are still *n need of nioi^ 
accurate information, doubts being entertained by some 
whether it extends into Tierra del Fuego. C'a]>taiii 
Hall, however, had a distant view from his ship, in 
of appearances which seem clearly to indicate 
an eruption of a volcano placed near tho llcaglc Chan- 
nel (50® 48' S. lat., 68” W. long.). Several volcanos 
are said to exist in the Andes* of Patagonia, and 
no less than nineteen points of eruption are well 
known in Chili, situated in a wntinuous line from 
south to north, and forming lofty mountains. The 
number may hereafter be greatly augnienfed whenJ^ 
the country has been more carefully examined, and 
throughout a longer period. How*Iong an inter- 
val of rest may entitle* us to consider a volcano as 
extinct, is not easily determined ;'but we know that, 
in Ischia, there intervened, between two consecutive 
eruptions, a pause of seventeen centuries; and a much 
longer period, perhaps, elapsed between the Eruptions 
of Vesuvius before the earliest Greek colonies settled 
in Campania, and the renewal of its activity in the 
reign of Titus. It will be necessary, therefore, to 
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wait for at least six times as many centuries as hsUve 
elapsed ^ince ^he discoVery of America, ^ before any 
one of the dormant craters of the Andes c&D be pre- 
sumed to be entirely spent, unless where there are 
some geological proofs that the latest ^'eruptions must 
« have*belonged to a remote era. 

From the observations of Humboldt it appears, that 
all the volcanos of the Andes, whether extinct or 
active, have burst through basalts and trachytes, or 
through some igneous rocks«of a p^rphyriti^ structure. 
All the loftiest summits of the range are composed of 
tsachyte, with w^hich abundance df, obsidian is occa- 
sionally associated, and large accumulations of pumice 
and tuff, the latter formed of fragments of lava and 
cinders agglutinated together. 

Villarica, in lat. 39° 8' S., one of the principal of 
the Chilian volcanos, continues burning without inter- 
mission, and isiso high that it may be distinguished at 
the distance of 150 miles. A year never passes in 
this province without some slight shocks of earth- 
quakes ; and about opcc in a century, or oftener, tre- 
mendous (convulsions occur, by which, as will be after- 
wards seen, the land has been shaken from one 
extremity to the other; and continuous tracts, in- 
ducHng part of the bed of the Pacific, have been 
permanently raised from one *to twenty feet or more 
above^ their formen levd. Hot springs are numerous 
in thi4 district, as well as springs of naphtha and 
petrbleum, and mineral waters of various kinds. 

If we pursue our course northwards, we find in Peru 
only one active volcano as yet known; but the pro- 
vince is #0 subject to earthquakes, thsit scarcely a 
week happens without a shock, and many of these 
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hav»::i! been so considerable as to create great changes 
of the surface. 

Proceedii% farther north, we find the most consi^ 
dcrable volcanos of the Andes situated in the province 
of Quito, whero that chain attains its highest eleva- 
tion. These volcanos, occurring between the second * 
degree of south and the third degree of north lat., 
are, Cayambe, Cotopaxi, *Pichincha, Antisaiia, L'Altar, 
and Tunguragua. * The form of Cayambe, whose sum- 
mit is crossed by the line the equator, is that of ^ 
truncated cone, which rises to the immense height of 
19,625 feet. The. indjahs of Lican have a traditioi^ 
that the mountain called L’Altar, or Capac Urcu, 
which means “ the chief,” was once the highest of 
those near the equator, being higher than Chimborazo, 
but in the reign of Ouainia Abomatha, before the dis- 
covery of America, a prodigious eruption took place, 
which lasted eiglit years, and broke i^ down. The 
fragments of trachyte, says M. Boussingault, which 
once formed the conical summit of this celebrated 
mountain, are at this day spread over the pfain.^ 
Cotopaxi is the most lofty of all the South Ai^ierican 
volcanos whidi have been in a state of actfvity in 
modern times, its height being 18,858 feet; and its 
eruptions have been more frequent ayd destructfve 
than those of any othei* mouiftain. It is a perfect 
cone, usually covered with an ebornmus bed of snow, 
which has, however, been sometimes melted smjdetily 
during an eruption ; as in Jan. 1803, for example, 
when the snows were dissolved in one night. 

Deluges are often caused in the Andes by the lique- 
faction of great masses of snow, and sometime^ by the 
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rending open, during earthquakes, of ^subterranean 
cavitiei^ filled ^ith water. In these inundations, fine 
volcanic sand, loose stones, and other matevials which 
the water meets with its descent are swept away, 
and a vast quantity of^ mud, called ^ moya,” is thus 
formed and carried * down into the lower regions. 
Mud derived from this source descended, in 1797, 
from the sides of Tunguragua, and 'filled valleys a 
thousand feet wide to the depth of six hundred feet, 
forming barriers by whieJi^ rivers were dammed up, 
and lakes occasioned. In these currents and lakes of 
woya thousandth of small fish ace i^metimcs enveloped 
which, according to Humboldt, have lived and mul- 
tiplied in subterranean cavities. So great a quantity 
of these fish were ejected from the volcano of Imba- 
buru in 1691, that fevers, which prevailed at the pe* 
riod, were attributed to the effluvia arising from the 
putrid animalornatter. 

In Quito, many important revolutions in the physical 
features of the country are said to have resulted, within 
the Inemory of man, from the earthquakes by which 
it has b^'en convulsed. M. Boussingault declares his 
belief, that if a full register had been kept of all the 
convulsions experienced here and in other populous 
districts of the Andes, it would be found that the 
trembling of the earth had been incessant. The fre- 
quency of the nravefiient, he thinks, is not due to 
vdteanfe explosions, but to the continual ffllHng in of 
masaeii of rock which have been fractured and up- 
beoved^ in a solid form at a comparatively recent epoch. 
Accordii^ to the same author, the height of several 
mountains of the Andes has diminished in modern times.* 

* Bull, de la Soc. C^L de France, tom. vi. p. 56. 
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If we continue our investigations still farther to the 
north, we find in the same line three ^olcanos in the 
province of Pasto, and three others in that of l^opayan. 
In the provinces of Guatimala and Nicaragda, which 
lie between the isthmus of Panama and Mexico, there 
arc no less than twenty-one active volcanos, all of them 
contained between the tenth and fifteenth decrees of 
north latitude. * 

The great volc^ic chain, after having thus pursued 
its course for several tho(lsand miles from south to 
north, turns* off in a'side direction in Mexico, in the 
parallel of tlie city of that name, and^is prolonged iy 
a great platform, b'etween the eighteenth and twenty- 
second degrees of north latitude. This high table 
land is said to owe its present form to the circumstance 
of an ancient system of valleys, in a chain of granitic 
mountains, having been filled up to the depth of many 
thousand feet, with various volcanic prpducts. Five 
active volcanos traverse Mexico from west to east — 
Tuxtla, Orizaba, Popocatepetl, Jprullo, and Colima. 
Jj^rullo, which is in the centre of tlie great platibrm, 
is no less than 120 miles from the nearest oc^n — an 
important circumstance, as showing that the ^ximity 
of the sea is not a necessary condition, although cer- 
tainly a very general characteristic, of the position of 
active volcanos. The eAtraordinary eruption of this 
mountain, in 1759, will be descnbednin the sequel. If 
the line which connects these five vents be prolonged, 
in a westerly direction, it cuts the volcanic giK>tqp of 
islands, called the Isles of Kcvillagigedo. » 

To the north of Mexico there are three, or aopord- 
ing to some five, volcanos, in the peninsula of California, 
but of these we have at present no detailed account. 
1 have before mentioned dre viclent earthqpdces which 

iroL* II. V 
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in 1812 coiiYulsed the valley of the Mississippi at Neiv 
Madrid, for the space of three hundred miles in length. 
As thif happened exactly at the same*tpne as the 
great eaf thquake qf Caracoas, it is probable that these 
two points are parts of bne continuous volcanic region ; 
for the whole circugiference of the intervening Carib- 
bean Sea must be considered as a theatre of earth- 
quakes and volcanos. On the north lies the island of 
Jamaica, which, with a tract of the contiguous sea, 
has often experienced tremendous shocks ; and these 
sCre frequent along a line e*xtendfing froni Jamaica to 
St. Domingo, and Porto llico. i, .On the south of 
the same basin the shores and mountains of Colom- 
bia are perpetually convulsed. On the west, is the 
volcanic chain of Ouatimala and Mexico, before traced 
out ; and on the east the West India isles, where, in 
St. Vincent's and Guadeloupe, are active vents. 

Thus it wifi be seen that volcanos and earthquakes 
occur uninterruptedly, from Chili to the north of 
Mexico ; and it seems probable, that they will here- 
afteivbe found to extend from Cape Horn to California, 
or even to New Madrid, in the United States — a 
distanev^ dpon the whole as great as from the pole to 
the equator. In regard to the western limits of the 
region, they lie deep beneath the waves of the Pacific, 
and must continue unknown^ to us. On tlie east they 
are prolonged, except where they include the 
Wtest In^an islands, to a great distance ; for there 
be no indications of volcanic disturbances in 
Crmai^> Brazil, and Buenos Ayres. 

. ^ :i}tmadcu — Although no volcanos have been dis- 
.ci^ered in the northern rtj^ions of the new continent, 
, Wol J rave autlientic accounts of fVequent earthquakes 
and same^ of considerable violence have 
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occurred, as^that of 166S, hereaflter to he described. 
A large part of the estuary of the St.^iliawreyce and 
the surrounding country has been sliaken from time to 
time ; and we learn from Captain Bayfield’s JMemoirs, 
that along the ishores^ of the estuary and Gulf of St. 
Lawrence horizontal banks of recent shelJs appear at 
various heights, from ten to one hundred feet above 
high water mark, and inland beaches of sand and 
shingle with similar shells, as also elevated limestone 
rocks scooped out by the i/aves, and showing lines of 
lithodomous perforations, facts which indicate, most 
clearly tlie successWe up)ieaving of tlve land since the 
sea was^ inhabited by the existing species of testacea^* 
Volcanic region from the Aleutian Isles to the Mtdud* 
cas ^ — On a scale, which equals, or surpasses, that of the 
Andes, is another continuous line of volcanic action, 
which commences, on the north, with theAloutian Isles 
in Russian America, and extends, first «in an easterly 
direction for nearly two hundred geographical miles, 
and tlicn southwards, without interruption, throughout 
a space of between 60° and 70°rof latitude t6 the 
Moluccas, where it branches off in different 4^ections 
both towards the east and north-west.f The iforthern 
iextremity of this volcanic region is the Peninsula of 
Alaska in about the fifly-fiflh degree of latitude* FAtm 
thence the line is continhed through the Aleutian or 
Fox Islands, to Kamtschatka. * In* that archipelago 
eruptions are frequent ; and a new island rose v\ IBlds ' 
which, according to some repents, is three thotu^d^ 

* Proceedings of Oeok See* f. vel. If. Snd Wilt 
Soc. of Quebec, vols. i, it 

f See map of volcanic Unei wMch I hftva mdoSed aW Sor* 
rei^ fVoiit Vmi Buch^ wsrk on tbo^ Ciiuulsfei^ 
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feet high Vnd four miles round.* L^gsdorf also 
mentioi^s a rmik of equal height, consisting of trachyte, 
said to have made its appearance at once from the 
bottom of the sea ia the yd^r 1795. f Earthquakes of 
the most terrific description agitate anti alter the bed of 
^ the sea and surface* o^ the land throughout this tract. 
The line is continued in the southern extremity of the 
peninsula of Kamtschatka, where there are seven active 
volcanos, which, in some eruptions, have scattered 
^shes to immense distances, '^lie Kurile chain of 
islands constitutes the prolongation of the range, 
«where a train of volcanic mountaihsi nine of which are 
known to have been in eruption, trends in a southerly 
diret;tion. In these, and in the bed of the adjoining 
sea, alterations of level have resulted from earthquakes 
since the middle of the last century. The line is then 
continued to«.the south-west in the great island of 
Jesso, where there are active volcanic vents, as also in 
Nipon, the principal of the Japanese group, wlierc the 
number qf burning mountains is very great; slight 
shocks of earthqiiakes being almost incessant, and 
violent^nes experienced at distant intervals. Be- 
tween the Japanese and Philippine Islands, the com- 
munication is preserved by several small insular vents. 
Sulphur Island, in the Loo Choo archipelago, emits 
sulphureous vapour ; knd FoVmosa suffers greatly from 
earthquakes. In Luzern, the most northern and largest 
of the^Philippines, arc three active volcanos ; Mindinao 
also was in eruption in 1 764. Thejine is then pro- 
longed^ through Sanguir and the north-eastern extre- 
mity of Celebes, byTernate andTidore, to the Moluc- 

* Von Hoff, vol. ii. p. 414. 

I Eefenred to by Daubeny, Encycl. Metr» Part. 38. p. 7S5. 
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cas, and, amongst the rest, Sumbawa. !^crc a great 
transverse line may be said to run fro?ilf^ast west* 
On the w«st it passes through the whole of Java, 
where there are thirty-eight large Volcanic mountains, 
many of which tontinpally discharge smoke and sul- 
phureous vapours. In the volcant)s of Sumatra, * the 
same linear arrangement is preserved ; but the line 
inclines gradually to the north-west in suoli a manner 
as to point to the active volcano in Barren Island, in 
the Bay of^ Bengal,^ in ab^ut the twelfth degree of 
north latitude. (See Plate of volcanic blind of Molucca 
and Sunda Islands^ ^). 9^.) In another direction thc» 
volcanic range is prolonged through Borneo, Celebes, 
Banda, and New Guinea ; and farther eastward in New 
Britain, New Ireland, and various parts of the Poly- 
nesian archipelago. The Pacific Ocean, indeed, seems, 
in equatorial latitudes, to be one vast theajtre of igneous 
action ; and its innumerable archipelagos, such as the 
New Hebrides, Friendly and Georgia Islands, are all 
composed either of coralline limestones, or volcanic 
rocks, with active vents here and ^icre interspeVsed. 
The abundant production of carbonate of liftie in so- 
lution, would alone raise a strong presumption of the 
volcanic constitution of these tracts, even if there were 
not more positive proofs of igneous ageycy. 

Volcanic regkm, from the Caspian tx) iJie Azores — If 
we now turn our attention to flie j^rincipal region in 
the Old World, which, from time immemorial, ha^s been 
agitated by earthquakes, and has given vent, at certaiii * 
points, to subterranean fires, we find that it pdtsesseis 
the same general characters* This region extiSltds 
from east to west for the distance of about one thou-* 
sand geographical miles, from the Caspian Sea to the 
Azores ; including within its Umi^s the groater part of 
F S 
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the Meditcr^nean, and its most prominei>t peninsulas. 
From sijuth uKnorth, it reaches from about the thirty- 
fifth to the forty-fifth degree of latitude. *ltc northern 
boundaries are Caucasus, th*e Black Sea, the mountains 
of Thrace, Transylvania, and Jlungflry — the- Aus- 
• trian*, Tyrolian, and Swiss Alps — the Cevennes and 
Pyrenees, with the mountains which branch off from 
the Pyrenees westward, to the north sicle of the Tagus. 
Its western limits are the ocean, but it is impossible to 
determine how far it may %e prolonged, in^ that direc- 
tion ; neither can we assign with precision its extreme 
•astern limit, since the country lic^yond the Caspian 
and the Sea of Aral is little known. Capt. A. Burnes, 
in bis recent expedition through the valley of the 
Oxus, found that the whole basin of that river had a 
few weeks before he passed through it been convulsed 
by a tremendous earthquake, which had thrown down 
buildings and obstructed the courses of rivers. 

^ The great steppe of Tartary is unexplored ; and we 
are almost equally ignorant of the physical constitution 
of China, in whick,country many violent earthquakes 
have be^ felt. The southern boundaries of the region 
includcThe most northern parts of Africa, and part of 
the Desert of Arabia.* We may trace, through the 
whble area comprehended within these extensive 
limits, numerous poihts of volcanic eruptions, hot 
springs, gaseous *cma*nations, and other signs of ig-^ 
neous^ agency ; while few tracts, of any extent, have 
been entirely exempt from earthqi^^es throughout 
the kA three thousand years. 

Borders of the Ccispian . — To begin on the Asiatic 
side, we find that, on the western shores of the Cae* 


• Von lloflf, ¥ol. ii 09* 
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pian, in the country round Baku, there isy tract called 
the Field of Fire, which continually en^.ks inflammable 
gas, whilp Springs of naphtha and petroleum occur in 
tlie same vicinity, as also itiud volcanos. In' the chain 
of Elburs, to tl« sou(;h of this sea, is a lofty mountain, 
which, according to Morier, sometimes emits sftioke, » 
and at the base of which are several small craters, 
where sulphur *and saltpetre are procured, in sufficient 
abundance to be used in commerce. Violent subter- 
ranean commotion^ havejbeen experienced along the 
borders of the Caspian ; and it is reported that, since 
1556, the waters 5f thit sea have encroached on tbp 
Russian territory to the north; but the fact, as Malte- 
Brun observes, requires confirmation. According to 
Engelhard and Parrot, the depth of the water has in- 
creased in places, while the general surface has been 
lowered ; and they say that the bottom pf the sea has, 
in modern times, varied in form ; and that, near the 
south coast, the Isle of Idak, north from Astrabat, for« 
merly high land, has now become very low.* Any 
indications of a change in the r^Jative levels of the 
land in this part of Asia, are of more tha^ ordinary 
interest; because a succession of similar variations 
would account for many prominent features in the 
physical geography of the district bgtween the 'salt 
lake Aral and the western shoilBs of the Black Sea — a 
district well known to have Been* always subject to 
great earthquakes. ^ , 

Siippes of th^ Caspian The level of the Caspiaxi 

lower than that of tlie Black Sea, by ab^ut 350 
feet. A low and level tract, called the Steppe, ab^nd- 

• Travels in the Crimea and Caucasus, in 1815, vol. i. pp. 257, 
264,-.- Von HofF, vol. i. p. 137. " 

» F 4* 
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ing in salinfL plants, and composed of tertiary strata 
containiiw ma^y shells of species now common in the 
adjoining sea, skirts the north-western shWfs of the 
Caspian. ‘This plain often ‘terminates abruptly by a 
line of inland cliff's, at the base of which runs a kind 
,of beach, consisting, of fragments of limestone and 
sand, cemented together into a conglomerate. Pallas 
has endeavovred to show that ’there is*^ an old line of 
sandy country, which indicates the ancient bed of a. 
strait, by which the Caspiafe was once united to the 
sea of Azof. On similar grounds, it is inferred that 
t|je salt lake Ar|il was fonneVly connected with the 
Caspian. 

Tradition of deluges on the shores of the JBosphorus, 
S^c , — The convulsions which have produced the phe- 
nomena of the steppes may be very modern in the 
earth’s history^ and yet a small portion of them only 
may have hap^kened in the last twenty or thirty cen- 
turies. Remote traditions have cortie down to us of 
inundations, in which the waters of the Euxine were 
forced* through the Jhracian Bosphorus, and through 
the Helleyont, into the JEgean; and in the deluge of 
Samothr^ce, it appears that that small island, and the 
adjoining coast of Asia, were inundated. In the Ogy- 
gian* also, which happened at a different time, Boeotia 
and Attica were ovenffowedt Notwithstanding the 
mixture of fable, a.id Ihe love of the marvellous, in 
those rude ages, and the subsequent inventions of 
Greek poets and historians, it may be distinctly per- 
ceived tkat the Hoods alluded to were local and transient^ 
and that they happened in succession near the borders 
of that chain of inland seas. They may, perhaps, 
have been nothing more than great waves, whidi, 
about fifteen, centuries before our era9 devastated the 
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borders of«the Black Sea, tjie Sea of ;ii{larmora, the 
Archipelago, and neighbouring coasfs, in ^he same 
manner ‘Rs the western shores of Portugal,, Spain, and 
Northern Africa were inundated, during the great 
earthquake at'Lisbcai, by a w§ive which rose, in some 
places, to the height of fifty or sixty feet ; or as 
happened in Peru, in 174*6, where two hundred violent 
shocks followed each other in the space of twenty-four 
hours, and the ocean brokp with impetuous force upon 
the land, destroy ii^g the :»wn of Callao, and four otlmr 
seaports, and permaneptly converted a considerable 
tract of inhabitdd country, which Ifad perhaps sudk 
down below its former level, into a bay. Diodorus 
Siculus, in his account of the Samothracian deluge, 
informs us that the inhabitants had time to take refuge 
in the mountains, and save themselves by flight ; he 
also relates tliat, long after the event, the fishermen of 
the island drew up in their nets the capitals of columns, 
which, he says, were the remains hf cities submerged 
by that terrible catastrophe. * These statements 
scarcely leave any doubt that the 'Cvent consisted of a 
subsidence of the coast, accompanied by !l series of 
earthquakes, and successive inroads of the sea. 

In the country between the Caspian and the Black 
Seas, and in tlie chain of Caucasus, mimerous earth- 
quakes have, in modern timej, caused fissures and 
subsidences of the soil, especially at Tiflis.f The Cau- 
casian territories abound in hot-springs and mineral 
waters. So lat« as 1814', a new island was raised by 
volcanic explosions, in the Sea of Azof; an(^ Pallas 

* Book ▼. chap. 46. See letter of M. Virlet, Bulletin de la 
Soc. G^ol. de France, vol. ii. p. 341, 

f Von Hoff, vol. ii. p. 210. 

* F ^ 
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mentions thaKjn the san\e locality, opposili»3 old Tcm- 
ruk, a submarine eruption took place in I7p9, accom- 
panied with dreadful thundering, emission oPfite and 
smoke, and the throwing up V>f mire and stones. Vio- 
lent es\rthquakcs were felt at the same time at great dis- 
tances from Temruk. The country around Erzerum 
exhibits similar phenomena, as does that around Tauris 
cknd the lake of Urmia, in which latter we have already 
remarked the rapid formaticyi of travertin. The lake 
of Urmia, which is about 28(1* English miles in circum- 
ference, resembles the Dead 5Jea, iij having ho outlet, 
and in being morfi salt than the ocean. Between the 
Tigris and Euphrates, also, there arc numerous springs 
of naptha, and frequent earthquakes agitate the 
country. 

Syria and Palestine abound in volcanic appearances, 
and very extensive areas have been shaken, at different 
periods, with great destruction of cities and loss of 
i lives. Continual nfention is made in history of the 
ravages committed by eartliquakes in Sidon, Tyre, 
Berytus, Laodiceaydtld Antioch, and in the island of Cy- 
prus. T^^ country around the Dead Sea appears evi- 
dently, from the accounts of modern travellers, to be 
volcanic. A district near Smyrna, in Asia Minor, was 
termed by tlie Greeks Catacecaumene, or the burnt, 
where there is a laurg^ arid territory, without trees, 
and with a cindery soil,** 

Periodical alternation of Earthqtiahes in Sf^ria and 
Southern Italy , — It has been remarked by Von Hoff, 
that from the commencement of the thirteenth to the 
latte, r half of the seventeenth century, there was an 
Hfteiost entire cessation of earthquakes in Syria and 


• Strabo, Ed. Fal., p. 900. 
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Judea; and, during this interval of q^escence, the 
Archipelago, together with part of the adja^^ent coast 
of Less^ Asia, as also Southern Italy and Sicily, suf* 
fered greatly from earthquakes ; ’while volcanic erup- 
tions were unusually;, frequent in the same regions. A 
more extended comparison, also,* of the history* of tlie 
subterranean convulsions of these tracts seems to con- 
firm the opinion, that a violent crisis of con»motion ncve|r 
visits both at the same time. It is impossible for us to 
declare, as yet, wl^cther ^his phenomenon is constant 
in this and other regions, because wc can rarely trace 
back a connected ‘scries of events fiirthcr than a f&w 
centuries ; but it is well known that, where numerous 
vents arc clustered together within a small area, as in 
many archipelagos for instance, two of them are never 
in violent eruption at once. If the action of one be- 
comes very great for a century or mpre, the others 
assume the appearance of spent volcanos. It is, there- 
fore, not improbable that separate provinces of the same 
great range of volcanic fires may hold a relation to one 
deep-seated focus, analogous to that which th^ aper- 
tures of a small group bear to some more superficial rent 
or cavity. Thus, for example, we may conjecture that, 
at a comparatively small distance from the surface, Is- 
chia and Vesuvius mutually communiciatc with certain 
fissures, and that each affords rdlief alternately to elastic 
fluids and lava there generatefl. !So wc may suppose 
Southern Italy and Syria to be connected, at p. much 
greater depth, ^th a lower part of the very same system 
of fissures ; in which case any obstruction occ(j^ring in 
one duct may liave the effect of causing almost all the 
vapour and melted matter to be forced up the ot&er, 
and if they cannot get vent, they may be the cause of 
violent earthquakes. 

* F 6 
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Grecian Archipelago. — Proceeding wesjjwards, we 
reach thej^Grecian Archipelago, where Santoriu, after- 
wards to be described, is the grand centre of tFolcanic 
action. To the nort'n-west of Santorih is another vol- 
cano in the island of Milo, of recent aspect, having a 
very active solfatara*in its central crater, and many 
sources of boiling water and steam. Continuing the 
same line, we arrive at that part of the Morea, where 
we learn, from ancient writers, that Helice and Bura 
were, in the year 373 B. subinprged. breath the 
sea by an earthquake ; and the walls, according to 
Ovid, were to be%seen beneath the waters. Near the 
same spot, in our times (1817), Vostizza was laid in 
ruins by a subterranean convulsion.* At Methone, 
also (now Modon), in Messcnia, about three centuries 
before our era, an eruption threw up a great volcanic 
mountain, which is represented by Strabo as being 
nearly four thousand feet in height ; but the magni- 
^ tude of the hill requires conhrniation. Some suppose 
that the accounts of the formation of a hill near 
Troeze^e, of which iJie date is unknown, may refer to 
tlie same avent. 

It was Von Buch’s opinion that the volcanos of 
Greece were arranged in a line running N. N. W. and 
S. S .^£*9 as represented in the map, PI. 3.; and that 
they afforded the only* example in Europe of active 
volcanos having a Iftiear direction.f But observations 
made during the late French expedition to the Morea 
have by no means confirmed this view;. On the con- 
trary, M. Virlet announces as the result of his investi- 
gations, that there is no one determinate line of direc- 

• Von Hoff, vol. ii. p. 172. 

t See plate of volcanic bands, p. 99. 
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tion for thg volcanic phenomena in Greece, whether 
we follow the points of eruptions, or the earjjhquakes, 
or any other signs of igneous agency. 

Macedonia, Thrace, and Epinis, have always been 
subject to earthquakes, and the Ionian Isles are con- 
tinually convulsed. Respecting Southern Italy, feicily,* 
and the Lipari Isles, it^is unnecessary to enlarge here, 
as the existence of volcanos in that region is known to 
all, and I shall have occasion again to allude to them. 

The norjih-eastevi portion of Africa, including Egypt, 
which lies six or seven degrees south of the vol- 
canic line alreadj traced, has been almost always 
exempt from earthquakes; but the north-western por- 
tion, especially Fez and Morocco, which fall within the 
line, suffer greatly from time to time. The southern 
part of Spain, also, and Portugal, have generally been 
exposed to the same scourge simultaneously with 
Northern Africa. The provinces of Malaga, Murcia, 
and Granada, and in Portugal, »the country round 
Lisbon, are recorded at several periods to have been 
devastated by great earthquakeut It will be* seen, 
from Michelfs account of the great Lisbon shock in 
1755, that the first movement proceeded from the bed 
of the ocean ten or fifteen leagues from the coast. So 
late as February 2. 1816, when Lisbonjwas vehemently 
shaken, two ships felt a’shock m the ocean west from 
Lisbon ; one of them at the dfstaxfce of 120, and the 
other 262 French leagues from the coast a fact 
which is the inore interesting, because a line drawn 
through the Grecian archipelago, the volcani? region 
of Southern Italy, Sicily, Southern Spain, and Portuv 

* Veraeur, Journal des Voyages^ vol. iv. p. 111. Von Hoff, 
voL iL p. 275. 



no 


VOBCA|«C SEGIOK& 


CBook ir. 


gal, will, if^olonged westward througl^ thc oceaiii 
strike volcanic group of the Azores^ which has, 
therefore, in all probability, a submarine connection 
with the European line. i*'How far the island of 
Madeira, which has been subject to 'vidlent earth- 
*lquakes, and the Cabary Islands, in which volcanic 
eruptions have been frequent,^ may communicate be- 
neath the Waters with the same great region, must 
for the present be mere matter of conjecture. 

^Besides the continuous spaces o^ subterr^anean dis- 
turbance, of which wc have merely sketched the out- 
lihe, there arc other disconnected vg^lcanic groups, of 
which the geographical extent is as yet very imper- 
fectly known. Among these may be mentioned Ice- 
land, wliich belongs, perhaps, to the same region aa 
the volcano in Jan Mayen’s Island, situated 5° to the 
north-east. With these, also, part of the nearest coast 
of Greenland, Vbich is sometimes shaken by earth- 
I quakes, may be connected. 

In another hemisphere the island of Bourbon belongs 
to a tlieatrc of volcanic action, of which Madagascar 
probably forms a part, if the alleged existence of 
burning volcanos in that island shall, on further ex- 
amination, be substantiated. In following round the 
borders of the Indian Ocean to the north, we find the 
Tolcano of Gabel Tbr^* within the entrance of the 
Arabian Gulf. In the province of Cutch earthquakes 
are frequent, and at Mhurr, twenty-five miles firom 
Luckput, there is an active volcano, or at least a sol- 
fatara.^ In Malwa, as also in Chittagong, in Bengal, 
llhere have been violent earthquakes within the his- 
i^rkal period. 

* On the authority of Capt* A. Burneib 
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Votcamereffions of Southern Europe, J-^'Re%\iecl\ng 
the volcanic system of Southern Europe, may be 
observecH that there is a central tract where the 
greatest earthquakes prevail, in which rocks arc shat- 
tered, mountains rent, the surface elevated or de- 
pressed, and cities laid in ruins. * On each side of this* 
line of greatest commotion there are parallel bands of 
country, where tfie shocks are less violerft. At a still 
greater distance (as in Northern Italy, for example, 
extending^ to the 'ioot ofithe Alps), there are spunes 
where the shocks^ are ^ much rarer and more feeble, 
yet possibly of Sufficient force to cavSsc, by continued 
repetition, some appreciable alteration in the external 
form of the earth's crust. Beyond the.sc limits, again, 
all countries arc liable to slight tremors at distant in- 
tervals of time, when some great crisis of subterranean 
movement agitates an adjoining volcanic region; but 
these may be considered as mere Vibrations, pro- 
pagated mechanically through th6 external covering 
of the globe, as sounds travel almost to indefinite dis- 
tances through the air. Shock/ of this kind have 
been felt in England, Scotland, Northern IVance, and 
Germany—- particularly during the Lisbon earthquake. 
But these countries cannot, on this account, he sup- 
posed to constitute parts of the southern volcanic 
region, any more than the ^Shetland and Orkney 
Islands can be considered as belonging to the Icelandic 
circle, because the sands ejected from Hccla have been 
wafted thither by the winds. 

Lines of active and extinct Volcanos not to be eon^ 
founded, — We must also be careful to distinguish 
between lines of extinct and active volcanos, even 
where they appear to run in ,the same direction ; €or 
ancient and modern systems may cross and interfere 
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with each otlvsr. Already, indeed, we ha^e proof that 
this is case ; so that it is not by geographical posi- 

tion, but by reference to the species of organic beings 
alone, whether aquatic or terrestrial, whose remains 
occur in beds interstratified with laval^, that we can 
^clearly distinguish the relative age of volcanos of which 
no eruptions are recorded* Had Southern Italy been 
known to civilized nations for as s}iort a period as 
America, we should have had no record of eruptions 
ii^Ischia; yet we might ha^e assViCd ours^elvcs that 
the lavas of that isle had flowed since the Meditcr- 

I I ' 

rhnean was inhabited by the specie^* of testacea now 
living in the Neapolitan seas.* With this assurance 
it would not have been rash to include the numerous 
vents of that island in the modern volcanic group of 
Campania. 

On similar grounds we may infer, without much 
hesitation, thatHhe eruptions of Etna and the modem 
earthquakes of Calnbria, are a continuation of that 
action, which, at a somewhat earlier period, produced 
the submarine lavjfs of the Val di Noto in Sicily.f 
But tlic lavas of the Euganean hills and the Vicentin, 
although not wholly beyond the range of earthquakes 
in Northern Italy, must not be confounded with any 
existing volcanic system ; for when they flowed, the 
seas were inhabited by animals almost all of them dis- 
tinct from those n8w icnown to live, whether, in the 
Mediterranean or other parts of the globe. But an 
examination of these topics would ca!iry us to events 
anteriof to the times of history ; we must therefore 
defer their consideration to the' 4th Book. 

* See account of led^ia, book iv. chap. 10. 

t Book Iv. ch. 6* • 
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CHAPTER ‘X. 

YOLOANIO DISTRICT OF NAPLKSw 

History of t|jc volcanic; cruptioT^ in the district round Naples — « 
Early convulsions in the island of Ischia — Numerous cones 
throu'n up there — Epoindo not an habitual volcano — Lafce^ 
Avernus — The Solfatara — Renewal of the eruptions of Vesu-r 
vius, A. D. 79 — Pliny's description of the phenomena^ (p. 119). 
— Remarks on his silence respecting the destruction of Henfeu- 
laneum and Pompeii — • Subsequent history of Vj^uvius — > Eavf 
discharged in Ischia in 1302 — Pause in thOH^ruptions of Vestt- 
• vius — Monte Nuovo thrown up, (p. 124). — Uniformity of the 
volcanic operations of Vesuvius and the Phl^gra^an Fields in 
ancient and modern times. ^ ^ 


1 SHALL next give a sketch of the ^history of some of 
the volcanic vents dispersed througb^ixt th^great re* 
gions before described, and consider^ cohiposition 
and arrangement of their lavas and injected matter. 
The only volcanic region known to ^l^e ancients was 
that of which Uie Mediterianean part; and 

even of this they have transmiltet^ imper^ 

feet records relating to the eruptipns^ of the three 
principal district^, namely, that tovl^ Naples, tliat of 
Sicily and its isles, and that of the preclm Atfchipe- 
lago. By far the mpst connected Wries of records 
throughout a long period relates to^he first of these 
provinces ; and these cannot be too^attentHely am* 
sidered, as much historical infoi^matio^% incUspei^able 
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in order to enable us to obtain a clear view of the 
connection and alternate mode of action of the different 
vents in* a single volcanic group. • 

Early convulsiom in the Island of Ischku^ — The 
Neapolitan volcanos extend from Vesuvius, through the 
, Phlegraean Fields, to Procida and Ischia, in a somewhat 
linear arrangement, ranging from the north-east to the 
south-west, |is will be seen in the annexed map of the 
volcanic district of Naples, (plate 4.) ‘Within the space 
above. limited, the volcanic force is sometimes deve- 
16ped in single eruptions from a consideraf^le number 
pf irregularly sc|ittcrcd point^; bub o great part of its 
action has been confined to one principal and habitual 
vent, Vesuvius or Sorama. Before the Christian era, 
from the remotest periods of which we have any tra- 
dition, tliis principal vent was in a state of inactivity. 
But terrific convulsions then took place from time to 
time in Ischia ^Pithecusa), and seem to have extended 
to , the neighbouring isle of Procida (Prochyta) ; for 
Strabo * mentions a story of Procida having been torn 
asunder from Ischia; and Pliny f derives its name 
from its having been poured forth by an eruption from 
Ischia. 

The present circumference of Ischia along the wa- 
ter^ edge is ejlghleen miles, its length from west to 
east about fiye^ imd (is breadth from north to south 
three miles. Bevercl Greek colonies which settled there 
before Christian era were compelled to abandon 
it in consequence of the violence of the eruptions. 
First the Erythrmans, and afterwards tlie Chalcidians, 
gre mentkiaed a^s having been driven out by earths 
quakes and ignepus exhalations. A colony was after- 

. * lilb* v> * t Nat Hist, lib. iii. c. 6. 
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wards established by Hiero, king of Syracuse, about 
380 years before the Christian era; but wl^en they 
had buiU aVortress, they were compelled by*an erup- 
tion to fly, and never again returi/ed. Strabo tells us 
that Tiniseus recordefl a tradition, that, a little before 
his time^ Epomeus, the principal mountain in the, 
centre of the island, vomited fire during great earth- 
quakes ; that the land between it and the coast had 
ejected much fiery matter, which flowed into the sea, 
and that ^he sea-,recede^ for the distance of three 
stadia, and then returning, overflowed the island. This 
eruption is supposed by* some to have, been that which 
formed the crater of Monte Corvo on one of the 
higher flanks of Epomeo, above Foria, the lava-current 
of which may still be traced, by aid of the scoriae on 
its surface, from the crater to the sea. 

To one of the subsequent eruptions in the lower 
parts of the isle, which caused the expulsion of the 
first Greek colony, Monte Rotaro has been attributed, 
and it b^ars every mark of recent origin. The cone 
is remarkably perfect, and has a crater on its summit 
precisely resembling that of Monte Kuovp; but the 
hill is larger, and resembles some of the more con- 
siderable cones of single eruption near Clermont in 
Auvergne, and, like some of them, has given Vent 
to a lava-stream at its base, instead of its summit. A 
small ravine swept out by a toiVent exposes the struc- 
ture of the cone, which is composed of innumerable 
inclined and sVghtly undulating layers of pumice^ 
scorlm, white lapilli, and enormous angular bXicks Of 
trachyte. Ibese last have evidently been thrown out 
by violent explosions, like those which in 1 82^ launched 
from Vesuvius a mass of pyroxenjc lava, of many tons 
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weight, to the distance of three miles, which fell in 
the garden of Prince Oftajano. The cone of Rotaro 
is covereil with the arbutus, and other bedtit^ul ever- 
greens. Such is the strength of the virgin soil, that 
the shrubs have become almost arborescent ; and the 
growth of some of tlite Smaller wild plants has been so 
vigorous, that botanists have scarcely been able to 
recognize thg species. ‘ 

The eruption which dislodged the Syracusan colony 
is supposed to have given rfee to t|^at mighty current 
which forms the promontory of Zaro and Caruso. The 
sprface of these Javas is still Very la^id and bristling, 
and is covered with black scoriae ; ‘ so that it is not 
without great labour that human industry has re- 
deemed some small spots, and converted them into 
vineyards. Upon the produce of these vineyards the 
population of the island is almost entirely supported. 
It amounts at present to about twenty-hve thousand, 
and is on the increase. 

Fropa the date of the great eruption last alluded to, 
down lo oiir own time, Ischia has enjoyed tranquillity, 
the exception of one emission of lava hereafter 
to be described, which, although it occasioned much 
l^cal damage, ^j^oes not appear to have devastated the 
whole country, ^in the manner of more ancient ex- 
plosions. There are, <upon the whole, on different 
parts of Epom^^p, of- scattered through the lower tracts 
of Ischia, twelve considerable volcanic cones, which 
have been thrown up since the island raised above 
the suwfiice of the deep ; and many streams of lava 
may have flowed, like that of « Arso* in 1302, without 
cones having been produced ; so that this island may, 
ages before the period of the remotest traditionsy 
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have served as a safety-valve to the whole Terra di 
Lavoro, while the fires of Vesuvius were doirsiant* * * § 

Lake — It seems also clear, that Avernus, 

a circular lake near Pu^szuoli, about half a mile in 
diameter, which is nqw a salubrious and cheerful spot, 
once exhaled mephitic vapoursf such as are ^ often, 
emitted by craters after eruptions. There is no 
reason for discrediting the account of Lucretius, that 
birds could not fly over it without being stifled, al- 
though th^y may now freqpent it uninjured.f There 
must have been a time when this crater was in action ; 
and for many centuries afterwards it may have do- 
seryed the appellation of “ atri janua Ditis,” emitting, 
perhaps, gases as destructive of animal life as those 
suffocating vapours given out by Lake Quilotoa, in 
Quito, in 1797, by which whole herds of cattle on its 
shores were killed :|;, or as those deleterious eman- 
ations which annihilated ail the cattb in the island 
of Lancerote, one of the Canaries, in 1730.§ Bory 
St. Vincent mentions, that in the same isle birds fell 
lifeless to the ground; and Sir -William Hafnilton 
informs us that he picked up dead birds ou Vesuvius 
during an eruption. 

Solfatara, — The Solfatara, near ^uzzuoli, which 
may be considered as a nearly extinguished crtlter, 
appears, by the accounts^ of Stilabo and others, to have 
been before the Christian era in ^ry much the same 

* For an accoui^t of the geology of Ischia, see book iv. ch. 10, 

t De Berum Nat., vi. 740. — Mr. Forbes on th j Bay of 
Naples, £diu. Joum. of Science, No. iii. new scries, p. 87. Jan. 
1830. 

I Humboldt, Yoy., p. 317. 

§ Von Buch, Uber einen yulcanischen Audiruch auf der Insel 
Lanzerote. 
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State as at present, giving vent continual!;;^ to aqueous 
vapour, together with sulphureous and muriatic acid 
gases, liice those evolved by Vesuvius* * , 

Ancient history of Vesuvitis. — Such, then, were the 
points where the subterranean hrps obtained vent, from 
• the &rliest period •to* which tradition reaches back, 
down to the first century of the Christian era ; but we 
then arrive -at a crisis in the volcanic action of this 
district — one of the most interesting events witnessed 
by man during the brief perjpd throughout which he has 
observed the physical changes on the earth’s surface. 
Vroifti the first colonization of Soutjsiern Italy by the 
Greeks, Vesuvius afforded no other indications of its 
volcanic character than such as the naturalist might 
infer, from the analogy of its structure to other vol- 
canos. These were recognized by Strabo, but Pliny 
did not include the mountain in his list of active 
vents. The aifcient cone was of a very regular form, 
terminating, not as at present, in two peaks, but with 
a flattish summit, where the remains of an ancient 
crater, nearly fillet! up, had left a slight depression, 
covered iiv its interior by wild vines, and with a sterile 
plain at the bottom. On the exterior, the flanks of 
the mountain»« were clothed with fertile fields richly 
cultivated, and at its base were the populous cities of 
Herculaneum and Ponfpeii. *But the scene of repose 
was at length dooftie^ to cease, and the volcanic fire 
was repalled to the main channel, which, at some 
former unknown period, had given pafsage to repeated 
stream? of melted lava, sand, and scoriae. 

Senewal of its eruptions. — The first symptom of the 
revival of the energies of this volcano was the occur- 
iijace of an earthquake in the year 63 after Christ, 
dUlhh did considerable injury to the cities in its 
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vicinity. From that time to the year 79 slight shocks 
were IVequent; and in the nSonth of Angus* of that 
year they blicame more numerous and violent, till they 
ended at length in an eruivtion. Tlic elder Pliny, who 
commanded the Roman fleet, was then stationed at 
Misenum ; and in his anxiety to obtain a near view of 
the phenomena, he lost his life, being suffocated by 
sulphureous vapours. His nephew, the younger Pliny, 
remained at Misenum, and has given us, in his Let- 
ters, a lively description of the awful scene. A dens.e 
column of vapour was first seen rising vertically from 
Vesuvius, and then spreading itself outlaterally, so that 
its upper portion resembled the head, and its lower 
the trunk of the pine which characterizes the Italian 
landscape. This black cloud was pierced occasionally 
by flashes of fire as vivid as lightning, succeeded by 
darkness more profound than night. Ashes fejl even 
upon the ships at Misenum, and caused a shoal in one 
part of the sea — the ground rockod, and the sea re- 
ceded from the shores, so that many marine iniimals 
were seen on the dry sand. The*appearances above 
described agree perfectly with those witnessed in more 
recent eruptions, especially those of Monte Nuovo in 
1538, and of Vesuvius in 1822. 

Silence Pliny respecting the destrugtion of 
laneum md PowpeiL — ^“In all* times and countries, 
indeed, there is a striking uniforiflity in the volcanic 
phenomena; but it is moat singular that Pliny, although 
giving a circums^ntial detail of so many physical facts^ 
and describing the eruption, earthquake, and sluAver of 
ashes which fell at Stabise, makes no allusion to the 
sudden overwhelming of two large and populous cities, 
Herculaneum and Pompeii. All naturalists who have 
searched into the memorials of the past for records 
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of physical events, must have been surprised at the 
ind^crtfnce with whicS the most memorable occur- 
rences are often passed by, in the works 8f .writers of 
enlightened period! ; as alsb ^of the extraordinary ex- 
aggeration which usually dispii|ys itself in the tradi- 
• tions*of similar events, in ignorant and superstitious 
ages. But no omission is more remarkable than that 
now under oonsideration : nor has the circumstance, wc 
think, been at all explained by the suggestion that the 
^hief object of the younger Pliny .was to^ive Tacitus 
a full account of the particulars of his Uncle’s death. 
Wc have no hesitation in saymg, tluit had the buried 
cities never been discovered, the accounts transmitted 
to us of their tragical end would have been di-^-c' edited 
by the majority, so vague and general are die narra- 
tives, or so long subsequent to the event. Tacitus, 
the friend ant] contemporary of Pliny, when adverting 
in general terms to the convulsions, says merely that 
** cities were, consumed or buried.”* 

Suetonius, although he alludes to the eruption inci- 
dentally, is silenfr as to the cities. They are men- 
tioned by Martial, in an epigram,, as immersed in 
cinders ; but the first historian who alludes to them 
by name fs Dion Cassiusf , who flourished about a 
cerftury and half after Plin 3 \ He appears to have 
derived his informatibn frdm the traditions of the 
inhabitants, and tb have recorded, without discrimin- 
ation^ ^11 the facts and fables which he could collect. 
He tells us, that during the* eruptipn a multitude of 
men (Rf superhuman stature, resembling giants, ap- 
peared, sometimes on the mountain, and sometimes in 

* Haustae aut obrut® urbes.— - Hist., lib. i. 

f Hist* Rom., lib. UvL 
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the environs — that stones and smoke were thrown out, 
the sun wal hidden, and tifen the giants ^eemed 
to rise while the sounds of trumpets were 

heard^ &c. &c. : and findljr,” he relates, “ two entire 
cities, Herculaneum and Pompeii, were buried under 
showers of ashes, while all the pepple were sitting in , 
the theatre.” That many of these circumstances were 
invented would have been obvious, even jwithout the 
aid of Pliny’s letters ; and tlie examination of Hercu- 
laneum and Pompeii enablf^ us to prove, that none of 
the people were destroyed in the theatres, and, indeed, 
that there were very fc^ of the inhi^bitants who dit^ 
not escape from both cities. Yet some lives were lost, 
and there was ample foundation tor the tale in its most 
essential particulars. 

This case may often serve as u caution to the 
geologist, who has frequent occasion to weigh, in like 
manner, negative evidence derived iron\ tlie silence of 
eminent waiters, against the obscure; but positive testi- 
mony of popular traditions. Some authors, for ex- 
ample, would have us call in question the reality of 
the Ogygian deluge, because Homer and Hesiod say 
nothing of it- But they wxre poets, not historians, 
and they lived many centuries after the latest date 
assigned to the catastrophe. Had they even lived at 
the time of that flood, ^e might still contend that 
their silence ought, no more tluMii Pliny’s, to avail 
against the authority of tradition, howxwer much ex- 
aggeration we may impute to the traditional narrative 
of the event. , • 

It does not appear Uiat in the year 79 any lava 
flowed from Vesuvius ; the ejected substances, per- 
haps, consisted entirely of lapilli, sand, and fragments 
of older lava, as when Monte Nuovo was thrown up in 

WL. II. 
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1538. The first era at which we have authentic ac- 
count^, the flowing of a stream of lava, is the year 
1036^ \^hich is the seventh eruption froki the revival 
of the fires of the volcano- A few years afterwards, 
in 104?9, another eruption is mentioned, and another 
in 1138 (or 1139)r after which a great pause ensued 
of 168^ years. During this long interval of repose, 
two minor .vents opened at distant points. First, it 
is on tradition that an eruption took place from the 
Solfatara in the year 1198y during Jhe reign of Frederic 
il., EinperO^ of Germany ; and altliough no circum- 
tStantial detail qf the event hUs reac]ied us from those 
dark ages, we may receive the fact witliout hesitation.* 
Nothing more, however, can be attributed to this 
eruption, as Mr. Scrope observes, than the discharge 
of a light and scorifbrm trachytic lava, of recent 
aspect, resting upon the strata of loose tuff which 
covers the principal mass of trachyte.f 

Volcanic eruptim in Ischia^ 1 302, — The other oc- 
currence is well authenticated,— the eruption, in the 
year*’ 1302, of a lava-stream from a new vent on the 
south-eas| side of the Island of Ischia. During part 
of 1301, earthquakes had succeeded one anotlier with 
fearful rapidity ; and they terminated at last with the 
di^harge ^ df a lava-stream from a point named the . 
Campo dql Arso, not^far from the town of Ischia. 
This lava ran quitt; down to the sea — a distance of 
about two miles ; in colour it varies from iron grey to 
reddisli black, jpd is remarkable for fhe glassy felspar 

• The earli<>irtltthority, says Mr. Forbes, given for this faet, 
appears to be Capaccio, quoted in the Terra Tremaffie of Bonito. 
— £^. Journ. of Sci. &c. No. I,, new series, p. 127. July, 

^ Geol. Trans,, vol. ii. part iii. p. 346. second series. 
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which it contains. Its surface is almost as sterile, 
after a period of five centuries, as if it hac^t cooled 
down yes^jDrftay. A few scantlings of wild thyme, and 
two or three other dwarfislt plants, hlone appear in the 
interstices of the scorja;, while the Vesuvian lava of* 
1767 is already covered with a*li>xuriant vegetEftion. 
Pontanus, whose countr^-Iiousc w’as burnt and over- 
whelmed, describes the dreadful scene, as having 
lasted two months.* Many houses were swallowed 
up, and a p^tial cmigrationnjf tlic inhabitants followed. 
This eruption produced no cone, but only ’k slight de- 
pression, hardly deserving the name of .a crater, where* 
heaps of black and red scoriae lie Scattered around. 
Until this eruption, Ischia is generally believed to 
have enjoyed an interval of rest for about seventeen 
centuries; but Julius Obsequensf, who flourished 
A.D. 214*5 refers to some volcanic convulsions in the 
years 662 after the building of Rome (*91 B.C.). As 
Pliny, who lived a century before Obsequens, docs not 
enumerate this among other volcanic eruptions, the 
statement of the latter author is supposed to have 
been erroneous ; but it would be more con^stent, for 
reasons before stated, to disregard the silence of Pliny, 
and to conclude that some kind of subterranean com- 
motion, probably of no great violence, hj^ppemed at the 
period alluded to. * • 

History of Vesuvius after 11 38. — To return to Ve- 
suvius: — the next eruption occurred in 1306; be- 
tween which era^and 1631 there was, only one other 
(in 1500), and that a slight one. Il^^as bc«n re- 
marked, t)^t throughout this period Etna was in a 

* Lib. vl. de Bello Neap, in Gratvii Thesaur. 

t Prodig. libell., c. cxiv. 
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State of such unusual activit)? as to lend countenance 
to the v^lca that the g/eat Sicilian volcano may some- 
times serve a channel of discharge to^Ul^stic fluids 
and lava that wduld otherwise rise to the vents in 
Campania. 

Pormation of Monie N'ltovo, 1538. — The great pause 
was also marked by a memorable event in the Phle- 
grajan Fields — the sudden formation of a new moun- 
tain in 1538, of wliich we have received authentic 
accouuts from contemporary writqrs. Frequent earth- 
quakes, for two years preceding, disturbed the neigh- 
tfbourhood of Pwzzuoli ; but it was wot until the 27th 
and 28th of Septfcmber, 1538, that they became alarm- 
ing, when not less than twenty shocks were expe- 
rienced in twenty-four hours. At length, on the night 
of the 29th, two ‘hours after sunset, a gulf opened 
bctweeii" the little town of Tripcrgola, which once 
existed on tho site of the Monte Nuovo, and the baths 
in its suburbs, which were much frequented. This 
watering-place contained an hospital for those who 
rbsoi ted thither fer the benefit of the thermal springs, 
and it appears that there were no fewer than three 
principal street. A large fissure approached 
tli^^:^^|^ith a tremendous noise, and with the emis- 
sioi^iif \ began to discharge pumice-stones, 
blocks of utqmelted la/a, and ashes mixed with water. 
The asheSj.jby which ilic town was entirely over- 
whelmed, fetl in immense quantities, even at Naples ; 
while the neigfjbouring Puzzuoli w^s deserted by its 
' inhal)^ants. tWic sea retired suddenly for two hundred 
yards, and a portion of its bed was Icft^dry. The 
whole coast, from Monte Nuovo to beyond Puzzuoli, 
was at that time upraised to the height of many feet 
above the bed of the Mediterranean, and has ever since 
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remained permanently elevated. The proofs of this 
remarkable event will be considered at icngtll when 
the phenomena of the Temple of Sefapis are de- 
scribed.* On the 3d of October th*e eruption ceased, 
so that the hill (1. the great mass of which 

was thrown up in a day and a night, was accessfble ; 
and those who ascendecj reported that they found a 
funnel-shaped crater on its summit. (2. fig. 18.) 

The height of Monte Nuovo has recently been de- 
termined, ly the Italian mineralogist I^ini, to be 440 
English feet above ^the level of the bay; its base is 
about eight thousajid feet, or nearly a mile and a half, » 
in circumference. According to Firii, the depth of the 
crater is 421 English feet from the summit of the hill, 


Fig. 18. 



Monte Nuovo, formed in the Bay qf Saw, Sept, ^tb, 1538. 

]. Cone of^Monle Nuovo. 2. Brim of crater of ditto. 

3. Thermal spring, called Baths of Nero, or Stufe di Tritoli. 
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SO that its bottom is only nineteen feet above the level 
of the lea. No lava flowed from this cavity, but the 
ejected matter consisted of pumiceous*^ seoriae and 
masses of trachyte, many, "of them schistose, and re- 
sembling clinkstone. The* Monte Nuovo is declared, 
by the best authorities, to stand partly on the site of 
the Lucrine Lake (4?. fig. 1?.*), which was nothing 
more than the crater of a pre-existent volcano, and was 
almost entirely filled during the explosion of 1538. 
Nothing now remains bijt a shallow pool, separated 
from the sea by an elevated beach, raised artificially. 


Fi^.io. 



Thc'’2*Megr(eSt Fields. 

1. M(j^ Nuovo. 2. Monte Barbaro. 

3. Lake Avernus. 4 . Luedne Lak0. 

5. The Solfatara. 6'. l^pzuoli. 

7. Bay of Baiu}. 

* This representation of tlie Pfiiegra^an Fields is'l'educed from 
part of Plate xxxi. of Sir William Hamilton’s great work, 
^ Campi Phlegra?].*’ The f|dthfulnes8 of his coloured delineations 
of the scenery of that country cannot be too highly praised* 
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Volcanos of iks PhUgrccan Fields^ — Immediately 
adjoining Monte Nuovo is thedarger volcanic, |Conc of 
Monte BarU^ro (2. fig. 19.)> the Gaurua;;inanis of Ju- 
venal— an appellation given to iil>» probably from its 
deep circular crater, which is about a mile in diameter. 
Large as is this cone, it was p]*obably produced. by a , 
single eruption; and it does not, perhaps, exceed in 
magnitude somb of the largest of those^ formed in 
Ischia, within th'e historical era. It is composed 
chiefly of indurated^ tufa, like Monte Nuovo, stratified 
conformably to its conical surface. This hill was ondb 
very celebrated for its wines, and is still covered witlj 
vineyards; but when the vine is not in leaf it has a 
sterile appearance, and, late in the year, wlien seen 
from the beautiful bay of Bairn, it oflen contrasts so 
strongly in verdure with Monte Nuovo, which is ways 
clothed with arbutus, myrtle, and other wiW ever- 
greens, that a stranger might well im^lgine the cone 
of older date to be that thrown up in the sixteenth 
century.* 

There is nothing, indeed, so calpulated to instruct 
the geologist as the striking manner in which the 
recent volcanic hills of Ischia, and that now under 
consideration, blend with the surrounding landscape. 
Nothing seems wanting or redundant ; every pant of 
the picture is in such perfect harmony with the rest, 
that the whole has the appearance of having been 
called into existence by a single effort of creative 
power. Yet what other result could we ha^e anti- 
cipated, if Nature has ever been governed by the same 

* HamiH^ (writing in 1770) says, " The new mountain pro- 
duces as yet but a very slender vegetation.” — Campi Phlegrsei, 
p. 69. This remark was no longer applicable when I saw it, in 
1828. 

G 4 
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laws ? Each new mountain thrown up — each new 
tract o^ land raised oi' depressed by earthquakes — 
should be in perfect accordance with tho^e previously 
formed, if the entire configuration of the surface has 
been due to a long series of similar disturbances. 
Were it true that .the greater part of the dry land 
originated simultaneously in its present state, at some 
era of paroxysmal convulsion, and that: additions were 
afterwards made slowly and successively during a 
period of comparative r^ose ; t^en, . inc^eed, there 
riiight be reason to expect a strong line of demarca- 
tion between the signs of ancibnt and modern changes. 
But the very continuity of the plan, and the perfect 
identity of the causes, are to many a source of decep- 
tion; since, by producing a unity of effect, they lead 
them exaggerate the energy of the agents which 
operated in the earlier ages. In the absence of all 
historical information, they are as unable to separate 
the dates of the prigin of different portions of our 
continents, as tlie stranger is to determine, by their 
physical features <alone, the distinct ages of Monte 
Noovo, Monte Barbaro, Astroni, and the Solfatara. 

The vast scale and violence of the volcanic opera- 
tions jn Cad|ipania, in the olden time, has been a theme 
of di^lamation, and has been contrasted with the com- 
parative statq.4)f^ quiescence of this delightful region in 
the modern era, kastbad of inferring, from analogy, 
that the ancient Vesuvius was always at rest when the 
craters' of the Phlegraean Fields were^ burning, — that 
each c<»ne rose in succession, — and that many years, 
and often centuries, of repose intervened between dif- 
ferent eruptions, — geologists seem to have generally 
conjectured that the whole group sprung up from the 
ground at once, like thh soldiers of Cadmus when he 



129 


r h. X j* MobERN ERUPTIONS OF J^SUVIUS. 

sowed the dragon’s teeth. As well might they en- 
deavour to persuade us tliaton these Phlcgraeai) Fields, 
as the poets^eigned, the giants warred with Jove, ere 
yet the puny race of mort^ds were iti being. 

Modem Eruptions of Vesmnus. — For nearly a 
century after the birth of Moht^} Nuovo, Vesuvius 
continued in a state of tranquillity. There had then 
been no violent Vruption for 492 years ; and it appears 
that the crater whs then exactly in the condition of 
the present extinct volcaidto of Astroni, near Naples. 
Bracini, who visited Vesuvius not long before tlic erup- 
tion of 1631, givc^ the foflowing intere§ting descriptioi^ 
of the interior : — “ The crater was five miles in circum- 
ference, and about a thousand paces deep; its sides 
were covered witli brushwood, and at the bottom there 
was a plain on which cattle grazed. In the woody 
parts wild boars frequently harboured. In bne part 
of the plain, covered with ashes, were three small 
pools, one filled with hot and bitf;er water, another 
saltcr than the sea, and a third hot, but tasteless.”* 
But at length these forests and grassy plains .were 
consumed, being suddenly blown into the air^ and their 
ashes scattered to the winds. In December, 1631, 
seven streams of lava poured at once from the crater, 
and overflowed several villages on the flanks and at 
the foot of the mountain. U»sina, jiiartly built over 
the ancient site of Ilerculaiicftm,* was consumed by 
the fiery torrent. Great floods of mud were as de- 
structive as the^ lava itself, — no uncommon '’occur- 
rence during these catastrophes ; for such is iJie vio- 
lence of ]^ns produced by the evolution of aqueous 

* Hamilton’s Campi PhJegrasi, folio, vol. i. p. 62. ; and 
Brieslak, Campanie, tome i. p. 186'.* 

» G 5 * 
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vapour, that torrents of water descend the cone, and, 
becoming charged with impalpable volcanic dust, and 
rolling along loose ashes, acquire sufiLcicn^t, consistency 
to deserve their « ordinary appellation of aqueous 
lavas/* 

A brief period qf repose ensued, which lasted only 
until the year 166(3, Irom which time to the present 
there has been a constant series of eruptions, with 
rarely an interval of rest exccc'ding'teii years. During 
these three centuries no ii^ogular ^volcanic agency has 
bonvulsed other points in this district. Brieslak ic- 
^ marked, that such irrcgiilar'convulsions had occurred 
in the Bay of Naples in every second century ; as, for 
example, the eruption of the Solfatara in the twelfth, 
of the lava of Also, in Ischia, in the fourteenth, and 
of Monte Nuovo in the sixteenth : but the eighteenth 
has formed an exception to this rule, and this seems 
accounted lor , by the unprecedented number of erup- 
tions of Vesuvius ^during that period; whereas, when 
the new vents opened, there had always been, as we 
hava seen, a long Jntcnnittance of activity in the prin- 
cipal volcano. 
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VOLCANIC DISTRICT OF NAPLES — continued. 

. • 

Volcanic District of Naples, con^mucii Dimensions and struc- 
ture of ^0 cone fit Vesuvius — Dikes in the recent cone 
(p. 137.) — Section through Vesuvius and Sorama — Vesu^n 
lavas and minerals (p.^41.) — Effects of decomposition of 
lavas — Alluviunls called ** aqueous lavas ^ — Origin and co&- 
position of the matter enveloping Herculaneum and Pompeii^ 
Controversies on the subject — Condition and contents of the 
buried cities (p. 152.) — Small number of Skeletons — State of 
preservation of animal and vegetate substances —• Rolls of 
Papyrus — Probability of future discoveries of MSS. — Stabim 
(p. 158.) — Torre del Greco — Concluding remarks on the 
Campanian volcanos. 

% 

Structure of the cone of Festtt/vW.— Between the end 
of the eighteenth century and the year the 

great crater of Vesuvius has been gradually filled by 
lava boiling up from below, and by scoria* falling from 
the explosions of minor mouths which were formed at 
intervals on its bottomland sides. In^ place of a regular 
cavity, therefore, there was ^ rpugh and rocky plain, 
covered with blocks of lava and scoriae,^ and cut by 
numerous fissures, from which clouds of vapour were 
evolved. But’this state of things was totally changed 
by the eruption of October, 1822, when violent explo- 
sions, fturing the space of more than twenty days, 
broke up and threw out all this accumulated mass, so 
as to leave an immense gulf or chasm, of an irregular, 
« , o 6 • 
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but somewhat elliptical shape, about three miles in 
circumference when measured along the vtiry sinuous 
and irregular line of its extreme margin, but somewhat 
less than three quarters of 4 niile in its longest dia- 
meter, which was directed froili N. E. to S, W,* The 
depth of this tremendous abyss has been variously esti- 
mated ; for from the hour of its formation it decreased 
daily by the dilapidation of its s^des. It measured, at 
first, according to the account of some authors, two 
thousand feet in dcpit^i froni the extreme part of the 
existing summit f ; but Mfl ScropcJ when fie saw it, 
soon after the eruption, estimuted its depth at less 
tKan half that quantity. More thail eight hundred 
feet of the cone was carried away by the explosions, 
so that the mountain was reduced in lieight from about 
4200 to 3400 feet, t 

As we ajsccnd the sloping sides, the volcano appears 
a mass of looser materials — a mere heap of rubbish, 
thrown togetlier witliout the slightest order ; but on 
^ arriving at the brim of the crater, and obtaining a view 
of the interior, we aj'c agreeably surprised to discover 
that^^the conformation of the whole displays in every 
part the mhst perfect symmetry and arrangement. 
The materials are disposed in regular strata, slightly 
undu^ting, appearing, when viewed in front, to be 
disposed in horizontal pjaiies. , But, as we make the 
circuit of the edge of^tha crater, and observe the cliffs 
by which it^is encircled pAijecting or receding in sa* 
lient or retiring angles, we behold transverse sections 

r t 

* Accoffnt of the Eruption of Vesuvius in October, 1822, by 
O. P. SiTopc, Esq., Journ. of Sci., &c. vol, xv, p. 17.^ 
t Forbes, Account of Mount Vesuvius, Edin, Joum. of 
ISalj No. Tcviii. p. 195. Od. 1828, 

' Ibid., p. 194. 
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of the currents of lava and beds of sand and scorise, 
and recognize their true dipj* We then discover that 
they inclime outwards from the axis of the cone, at 
angles varying from 30*^ to 4-5^. 3"he whole cone, in 
fact, is composed of a number of concentric coatings of 
alternating lavas, sand, and scsrltv. Every shower of 
ashes which has fallen from above, and every stream 
of lava descending frohi the lips of the crater, have 
conformed to the outward surface of the hill, so that 
one conical envelojie inay;be said to have been suces» 
sively folded round another, until the aggregation bf 
the whole mountain was^completed. 71ic marked separ- 
ation into distidet beds results from the different 
colours and degrees of coarseness in the sands, scoriae, 
and lava, and the alternation of these with each other. 
The greatest difliculty, on the first view, is to conceive 
how so much regularity can be produced; notwith- 
standing the unequal distribution of Sjj/nd and scoria;, 
driven by prevailing winds in particular eruptions, and 
the small breadth of each sheet of lava as it first flows 
out from the crater. ,, ”, 

But on a closer examination, we find that the appear- 
ance of extreme uniformity is delusive, for when a 
number of beds thin out gradually, and at different 
points, the eye does not witimut difficulty recognize 
the termination of any.one stratum,’ fiut usually sup^ 
|>oses it continuous with som&* other, which at a short 
distance may lie precisely in the same plane. The 
slight undulations, moreover, produced by inequalities 
on the sides of 'the hill on which the successive layers 
were moi^lded, assist the deception. As countless 
beds of iand and scoriae constitute the greater par|^ of 
the whole mass, these may sometimes mantle^conti- 
nuously round the whole cone ; and even lava-streams 
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may be of considerable breadth when first they over^ 
flow, anc|f since in some eruptions a considerable part 
of the upper portion of tlie cone breaks down at once, 
may form a sheet cx«tcnding as far as the space which 
the eye usually takes in in a single section. 

^ The high inclinatiou of some of the beds, and the 
firm union of the particles even where there is evi- 
dently no cement, is another Striking feature in the 
volcanic tuffs and breccias, which seems at first not 
very easy of cxplanailion. But the last great eruption 
afforded ample illustration of the manner in which 
these strata are if^rmed. Fragments of lava, scoria?, 
pumice, and sand, when they fall at slight distances 
from the summit, are only half cooled down from a 
state of fusion, and are ufYerwards acted upon by the 
heat from within, and by funteroles or small crevices 
in the eont? through which hot vapours are'disengaged. 
Thus l]teated, tue ejected fragments cohere togetlier 
strongly; and the whole mass acquires such consisU 
ency in a few days, that fragments cannot be detached 
withovt a smart blow of the hammer. At the same 
time sand and scoria?, ejected to t greater distance, 
remain incoherent.* 

Sir William Hamilton, in his description of the erup- 
tion* of 1779, says, that jets of liquid lava, mixed 
with stones and scoria?, ^werc «^hrowu up to the height 
of at least ten thourani feet, liaving the appearance 
of a column of fire, f Some of these were directed 
by t^^winds towards Ottaiano, and some of them, 
Ming (^almost perpendicularly, still red-hot and 
liquid^ Oh Vesuvius, covered its whole cox\e, part of 
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the mountain of Somma, and the valley between 
them. The falling matter ‘being nearly is vividly 
inflamed ai that which was continually issuing fresli 
from the crater, formed with it ode complete body of 
fire, which could not be less than two miles and a 
half in breadth, and of the extraordinary hcjght*abovo 
mentioned, casting a heat to the distance of at least 
six miles arouhd it. Dr. (Marke, also, jn his account 
of the eruption df 1793, says that millions of red-hot 
stones were shot^into tlib^^ir fdll half the height of 
the cone itself, ai\d then bending, fell all round in a 
fine arch. On apother'occasion he^feays that, as they 
fell, they covered nearly half the cone with fire. 

The same author has also described the different 
appearance of the lava at its source, and at some 
distance from it, when it had descended into the 
plains below. At the point where it issued, in 1 793, 
from an arched chasm in the side of* the mountain, 
the vivid torrent rushed with tho velocity of a flood, 
It was in perfect fusion, unattended with any scoria* 
on its surface, or any gross materials not in a state of 
complete solution. It flowed with the trar^slucency of 
honey, “ in regular channels, cut finer than art can 
imitate, and glowing witb all the splendour of the 
sun/’ — “ Sir William Hamilton,” he continues, ‘^'h^d 
conceived that no stones thrown upon a current of 
lava would make any impresiSiod. I was soon con- 
vinced of the contrary. Light bodies, indeed, of five, 
ten, and fifteen^ pounds weight made little op iND im-* 
pression even |it the source ; but bodies df sixty, 
seventy, end eighty pounds were seen 
of bed on the surface of the lava, and 
it. A stone of three hundred weight, 
thrown out by the crater, lay near the source of the 


to fotni a k^pd 
float awa^ uatli 
that ba4been 
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current of lava : 1 raised it upon one end, and then 
let it M\,m upon the liquid lava; when ft gradually 
sunk beneath the surface, and disappeared. If I 
wished to describe flie manner in which it acted upon 
the lava, 1 should say that it was like a loaf of bread 
tbrown into a bowl ofWery thick honey, which gradually 
involves itself in the heavy liquid, and then slowly 
sinks to the bottom. • 

“ The lava, at a small distance from its source, 
acquires, a darker ticib upon tits surface, is less easily 
acted upon, and, as the stream widens, the surface, 
having lost its of perfect* solution, grows harder 

and harder, and cracks into innumerable fragments of 
very porous matter, to wliich they give the name of 
scoriae, and the appearance of which has led many to 
suppose that it proceeded thus from the mountain. 
There is, however, no truth in this. All lava, at its 
first exit from its native volcano, flows out in a liquid 
state, and all equally in fusion. The appearance of 
the scoriai is to be attributed only to the action of the 
external air, and not to any difference in the materials 
which compose it, since any lava iVhatever, separated 
from its channel, and exposed to the action of the 
external air, immediately cracks, becomes porous, and 
alters its form. As we proceeded downward, this 
became more and more evident; and the same lava 
which at its original^soflrce flowed in perfect solution, 
undivided, and free from encumbrances of any kind, 
a little farther down had its surface loaded with scorise 
in such^ manner, that, upon its arrival at the bottom 
of the itoountain, the whole current resembled nothing 
sojmuch as a heap of unconnected cinder^rom an 
wn^undry*” In another place he says, that “ the 
j^Vlrs of lava in the pljiin resembled a vast heap of 
cinders, or file scoriie of an iron-foundry, rolling 
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slowly along, and falling with a rattling noise over one 
another/'* * • 

It appeal^ that the intensity of the light and heat 
of the lava varies considorably at ^different periods of 
the same eruption, as in that of Vesuvius in and 
1820, when Sir H. Davy rematl^d different degrees^ 
of vividness in the white heat at the point where the 
lava originated.^ 

When the expbessions flame” and “ smoke” are 
used in describing voJcaitic appearances, they must 
generally be undc;|rstood in a figurative sense. I^lfe 
clouds of apparent smoke consist usually of aqueou^ 
and other vapours, or of tliat impalpable dust which is 
formed of finely comminuted volcanic scoria*. The 
columnKS of flame are very rarely if ever derived from 
inflammable gases, but consist of showers of incan- 
descent or red-hot fragments of lava, illuminated by 
that vivid light which is emitted from/ the crater be- 
low, where the lava is said to glow, with the splendour 
of the sun. 

JDihes in recent cone^ 1u)w formed- — The inclined 
strata before mentioned, which dip outwards in all 
directions from the axis of the cone of Vesuvius, are 
intersected by veins or dikes of compact lava, for the 
most part in a vertical position. In 1828 these \fere 
seen to be about seven in nundier, some of them not 
less than four or five hundred fVet in height, and 
thinning out before they reached the uppermost part 
of the cone. Being harder than the beds dirough 
which they pass, they have decomposed less aapidly, 

and therefore stand out in relief. § 

/ 

* Otter’s Life of Ur. Clarke. 

t Phil. Trans., 18"28, p. 241. See Hook 4. chap. 10. 

$ When 1 visited Vesuvius, in Nov. 1828, 1 was prevented 
from descending into the crater by the constant ejections tliep 
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There can be no doubt that these dikes have been 
produce^ by the filling ilp of open fissures with liquid 
lava; but of the date of their forrnatiolh know 
nothing further thhn that ^liey are all subsequent to 
the year 79, and, relatively speaking, that they are 
(.moreomodern than a^l 1:he lavas and scoriae which they 
intersect. A considerable number of the upper strata, 
not traverse^ by them, must liave been due to later 
eruptions, if tlie dikes were filled from below, and if 
lava rose in them to tlm ‘surface, I'hat ^the earth- 
quakes, which almost invariably precede eruptions, 
pccasion rents \n the mass Is well, .known; and, in 
1822, three months before the lava flowed out, open 
fissures, evolving hot vapours, were numerous. It 
is clear that such rents must be injected with melted 
matter when the column of lava rises, so that the 
origin of the dikes is easily explained, as also the 
great solidity ^d crystalline nature of the rock com- 
posing them, which has been formed by lava cooling 
slowly under great pressure. 

S€0tion through yesuvius and Somma^ — In the an- 
nexed diagram (Fig. 20.) it will be seen that, on the 
side of Vesuvius opposite to that where a portion of 


thrown out. I odly got sig^it of t^fee of the dikes ; but Signor 
MonticelU had previously Ij^d drawings made of the whole, which 
he showed me. The veins which I saw were on that side of the 
cone which is encircled by Somma. In March of the year before 
HH^ptioned, an eruption began at the botto;p of the deep gulf 
formed 4n 1822. The ejected matter had filled Up nearly one 
third of the original abyss in November, and the same operation 
was still in progress, a single black cone being seen at\he bottom 
in ^most continual activity. I found the lava of 1822' not yet 
on the north side of th^ cone, and evolving much heat and 
^ tepour from crevices. It was then upwards of ax years since it 
\dowed out, • 
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the ancient cone of Somma (a) still remains, is a pro- 
jection (h) called the Pedamehtina, which 80|ie have 
suppose^ to^be part of the circumference of the ancient 
crater broken down towards the ^ sea, and over the 
edge of which the lav^s of the modern Vesuvius have 
poured ; the axis of the present cone of Vesuvius being, , 
according to Visconti, precisely equidistant from the 
escarpment of *Somma and the Pedameqtina. But it 
has been objected (and not without reason) to this 
hypothesis^ th^k, if the Pedamentina and the escarp- 
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ment of Somma were the remains of the original crater^ 
that cralpr must have been many miles in diameter^ 
and more enormous than almost any one kifbv^n on the 
globe. It is thcreftire morq probable that the ancient 
mountain was higher than Vesuvius (which, compara- 
,^tivel}i* speaking, is awolcano of no great height), and 
that the explosions of the year 79 caused it not merely 
to disgorge the contents of its crater, which had long 
been choked up, but blew up a great* part of the cone 
itself: so that the wall of •Sommi^ a^d thjB ridge or 
terrace of the Pedamentina, were lUever the margin 
pf a crater of ci;uption, but are the jrelics of a ruined 
and truncated cone. 

It will be seen in the diagram that the slanting beds 
of the cone of Vesuvius become horizontal in the Atrio 
del Cavallo (at c), where the base of the new cone 
meets the precipitous escarpment of Soinrna ; for when 
the lava flows (town to this point, as happened in 1822, 
its dcsending course is arrested, and it then runs in 
another direction along this small valley, circling round 
the )j«ise of the cone. Sand and scoriie, also, blown 
by the winds, collect at the base of the cone, and are 
then swept away by torrents; so that there is always 
here a flattish plain, as represented. In the same 
marnier the small interior cone (/) must be composed 
of sloping beds, terminating in a horizontal plain ; for, 
while this monticule wtis gradually gaining height by 
successive ejections of lava and scoriae, in 1828, it was 
always "surrounded by a flat pool ol^ semi-fluid lava, 
into which scoriae and sand were thrown. 

The escarpment of Somma exhibits a structure pre- 
cisely similar to that of the cone of Vesuvius, but the 
beds are intersected by a much greater number of 
dikes. The formation df this older cone does not be- 
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long to the Jiistorical era, and must not, therefore, be 
enlarged upon in this place; but 1 shall have 'Occasion 
presentbj to revert to the subject, when speaking of a 
favourite doctrine of some* modern geologists, concern- 
ing “craters of elevation ” (Erhebungs Crater), where- 
by, in defiance of analog} , the ofigin of the identical * 
disposition of the stral:a and dikes in Vesuvius and 
Somma has been referred to a mode of operation ex- 
tremely dissimj|lar. 

Lavas ^ — Thcf iitodcrn lavas of Vesuvii|s 
are characterized 'by a large pro])ortion of augite (or 
pyroxene.) Wh'^n they are composed of this inineraf 
and' felspar, they may be said to difler in no way in 
composition from many of the ancient volcanic rocks 
of Scotland. They are often porphyritic, containing 
disseminated crystals of augite, leucite, or some other 
mineral, imbedded in a more earthy base. These por- 
phyritic lavas are often extremely conl^iact, especially 
in the dikes of Vesuvius and Somnia, which, in hard- 
ness and specific gravity, are by no means inferior to 
ordinary veins of trap, and, like thtjm, often preserve 
a remarkable parallelism in their two opposite faces 
for considerable distances.^ 

In regard to the structure of the Vesuvian lavas on 
a great scale, there are no natural sections of sufficient 
depth to enable us to drhw fai? comparisons between 
them and the products of extinct volcanos. At the for- 
tress near Torre del (xreco a section is exposed.^ fifteen 
feet in height, cf a current which ran into the sea ; 
and it evinces, especially in the lower part, a cfecided 
tendency^ to divide into rude columns. A still more 
striking example may be seen to the west of Torre 


* See 13ook 4, chap. 10. 
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del Annunziata, near Forte Scassato, where the mass 
is laid d|)en by the sea *to the depth of twenty feet. 
In both these easels, however, the rock m%y j-ather be 
said to be divided into numelous perpendicular fissures, 
than to be prismatic, although .the same picturesque 
• effect is produced. • In the lava-currents of Central 
France (those of the Vivarais^ in particular), the up- 
permost portion, often forty feet or more in thickness, 
is an amorphous mass passing downwards into lava 
ifregularly prismatic; ar^i unden this,* tjiere is a 
foundation of regular and vertical ciolumns, but these 
<avas are often one hundred feet or piore in thickness. 
We can scarcely expect to discover the same pheno- 
menon in the shallow currents of Vesuvius, where the 
lowest part has cooled more rapidly, although it may 
be looked for in modern streams in Iceland, which 
exceed even those of ancient France in volume. 

Mr. Scrope Mentions that, in the cliffs encircling the 
modern crater of V^isuvius, he saw many currents offer- 
ing a columnar division, and some almost as regularly 
prisniatic as any raflges of the older basalts; and he adds, 
that in some the spheroidal concretionary structure, on 
a large scale, was equally conspicuous.* Brieslak f also 
informs us that, in the siliceous lava of 1737, which 
contains augitQ, leucite, and| crystals of felspar, he 
found very regular {ilisms fn a quarry near Torre 
del Greco ; an observation confirmed by modern au- 
^ thoritiqp. J 

Effects of decomposition on lavas, The decompo- 
sition 8f some of the felspathic lavas, either by simple 

* Journ. of Sci., vol. xv. p. 177. 

f Voy. dans la Campanie, tome i. p. 201. 

^ 'Mr. Forbes on Mount Vesuvius, £din, Journ. of Sci., No, 

^ii., Oct. 1828 . 
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weathering, or by gaseous emanations, converts them 
from a hare! to a soft clayey* state, so that ^tthey no 
longer retaiti the smallest resemblance to rocks cooled 
down from a state of fiasion. 'fhe exhalations of 
sulphuretted hydrogen and muriatic acid, which are 
disengaged continually from the ^olfatara, also produce • 
curious changes on the trachyte of that nearly extinct 
volcano : the r6ck is bleached and becomes porous, 
fissile, and honeycombed, till at length it crumbles 
into a white sinceous poWder.* Numerous globular 
'concretions, comp 9 sed of concentric laminae, are also 
formed by the same Vapours in this decomposed* 
rock^f 

They who have visited the Phlegraean Fields and 
the volcanic regions of Sicily, and who are aware of 
the many problematical appearances which igneous 
rocks of the most modern origin assume, especially 
after decomposition, cannot but be astonished at the 
confidence with which the contending Neptunists 
and Yulcanists in the last century dogmatized on 
the origin of certain rocks of €*cmote anticpiity. 
Instead of liaving laboured to acquire ai\ accurate 
acquaintance with the aspect of known volcanic rocks, 
and the transmutations which they undergo subse- 
quently to their first consolidation, the adherentii of 
both parties seem either lo have? considered themselves 
born with an intuitive knowledge^ of the effects of 
volcanic operations, or to have assumed that they 
required na other analogies than those which a labo- 
ratory or furnace might supply. » 

Vesuvim Mifierals. — A great variety of minerals 

• Daubeny on Volcanos, p. 169. 

f Scrope, G«ol. Trans., second series, vol. ii. p. 346. 
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are found in the lavas of Vesuvius and Somma; for 
so inanji are common to both, that it is 'unnecessary 
to separate them, Augitc, leucite, felspar, mica, olivine, 
and sulphur, are n#ost abundant. It is an extraordinary 
fact, that, in an area of three sejuare miles round Ve- 
suvius, a greater luvnber of simple minerals have been 
found than in any spot of the same dimensions on the 
surface of the globe. Haiiy* enumerated only S80 
species of simple minerals as knowli Jo him ; and no 
less than eighty-two hadt been foui^d on Vesuvius 
before the end of the year 18!28.^ Many of these 
are peculiar to fhat locality. •Some mineralogists have 
conjectured that tlic greater part of^ these were not of 
Vesuvian origin, but thrown up in fragments from some 
older formation, through which the gaseous explosions 
burst. But none of the older rocks in Italy, or else- 
where, contain such an assemblage of mineral products; 
and the hypofuesis seems to have been prompted by a 
disinclination to a^hnit that, in times so recent in the 
earth's history, the laboratory of Nature could have 
been so prolific ii\thc creation of new and rare com- 
pounds. ^Had Vesuvius been a volcano of high an- 
tiquity, fojmed when Nature 

^ Wanton’d ns iti her prime, and played at will 
Her viiigin fancies, 

• 'f 

it would have heefi tl&adily admitted that these, or a 
much greater variety of substances, had been sublimed 
in the* crevices of jlava, just as several new earthy and 
metaHic compounds are known to have been produced 
by fumerolcs, since the eruption of 1822. But a 
violent hypothesis appears to have beeti resorted to, 

* Monticclli and CovdlfJ Prodom. della Mineral. Vesuv. 
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in order to explain away facts which would imply the 
unimpaired Aergy of reproductive causes in opr own 
times. 

Formation of Tuffs. — The aboi^e remarks apply 
simply to the structure of the cone ; but a small part 
only of the ejected matter remaii/s^o near to the wol- 
canic orifice. A large portion of sand and scoriae is 
borne by the wiitds and scattered over the surrounding 
plains: part falls iifito the sea; and still more is swept 
down by torrenta into the deep^ during the intervals, 
often protracted for ^any centuries, between eruptions/ 
In this case horizontal deposits of tufaceous matter ^ 
become intermixed*' with other kinds of sediment, and 
w'ith shells and corals, so that rocks of a mixed cha- 
racter are formed, such as tuffs, peperinos, and vol- 
canic conglomerates. 

Flowing of lava under water. — Some of the lavas, 
also, of Vesuvius reach the sea, as do tht)se of almost 
all volcanos; since they are generstlly in islands, or 
bordering the coast. Here they find a bottom, often 
levelled by operations analogous to those which fprm 
deltas ; so that instead of being highly inclined, as 
around the cone, or in narrow bands, as in a valley, 
they may spread out in broad horizontal sheets. It is 
not improbable, as Dr. Daubeny has suggested, that 
they retain their fluidity fcir a co^^siderabfe time longer 
beneath the sea than in the open»ai^ ; for the rapidity 
with which heated bodies are cooled by being pluaiged 
into water arises chiefly from the conversion of the 
lower portions of water into steam, which steaip ab- 
sorbing much heat immediately ascends, and is recon- 
verted into' water. But under the pressure of an ocean 
sufficiently deep to prevent the formation of steam, the 
heat of the lava would be carried off more slowly, and 
v()L. n. 


II 
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only by the circulation of ascending and descending 
currei<:s of water, thoSe portions nearest the source of 
heat becoming specihcally lighter, and coifse^uently dis- 
wfe. water^bove. This kind of circulation would 

take [)lace with much less rapidity than in the atmo* 
aplrerc, inasmuch as* the expansion of water by equal 
increments of heat is less considerable than that of air.* 
Volcanic^ alluviums . — In addition*’ to the ejections 
which lull on the cone, and that hiuch greater mass 
which ‘finds its way graduklly to the /loighbouring sea, 
there is a third portion, often ^f no inconsiderable 
thickness, coipposed of allfivium^ spread over the 
valleys and plains at small distances from the volcano. 
Aqueous vapours arc evolved copiously from a crater 
during eruptions, and often for a long time subse- 
quently to the discharge of scoriae and lava; these 
vapours are condensed in the cold atmosphere sur- 
rounding thde^high volcanic peak, and heavy rains are 
thus caused in countries wliere, at the same season 
and under ordinary circumihinces, such a phenomenon 
is «entirely unkpown. Tlie floods thus occasioned 
sweep along the impalpable dust and light scoriae, till 
a current of mud is produced, which is called, in Cam- 
pania, ** lava d’ acqua,” and is often more dreaded than 
igneous stream (lava di fuoco), from the greater 
velocity with' which it moves* So late as the 27th of 
October, 1822, oneef these alluviums descended the 
cone of Vesuvius, and, after overspreading mudi cul- 
tivate soil, flowed suddenly into the villages of St. 
Sebastian and Massa, rwhere, filling the streets and 
interior of some of the houses^ it suffocated seven per- 
s^s. It will therefore happen very frequently, that, 


'* See l>idbeiiy*8 Volcanos, p. 400. 
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towards the base of a volcanic ^ne, alternations will 
be found of *lava, alluvium^ and showers of asl^ies. 

Mass m^loping Herculaneum and PompeiL — To 
which of these two lattcr.division/ the mass envelop- 
ing Herculaneum and Pompeii should be referred, has 
been a question of the keenest 'controversy ; bu& the 
discussion might have been shortened, if the combat- 
ants had reflected that, whether volcamc sand and 
ashes were con^e;;^ed to the towns by running water, 
or through^ the \ur, during ^hn eruption, the interior of 
buildings, so lon^s the rools remain entire, together 
with all underground vadlts and cellar^, could be filled • 
only„ by an alluvium. We learn from Jiistory, that a 
heavy shower of sand, pumice, and lapilli, sufficiently 
great to render Pompeii and Herculaneum uninhabit- 
able, fell for eight successive days and nights in the 
year 79, accompanied by violent rains. We ought, 
therefore, to find a very close resemWance between 
the strata covering these towns, and tliose composing 
the minor cones of the Pllllegraeau Fields, accumulated 
rapidly, like Monte Nuovo, during a, continued shswer 
of ejected matter ; with this difference however, that 
the strata incumbent on the cities would be horizontal, 
whereas thqse in the cones are highly inclined, and that 
large angular fragments of rock, which are thrown iftut 
near the vent, would be«wanting at a cfistance, where 
small lapilli only can be found. Hfdcdrdingly, with these 
exceptions, no identity can be more perfect than tbi^ 
form and distribution of the matter at the ^ase of 
Monte Nuovo, as laid open by the encroaching sea, 
and the appearance of the beds superimposed on 
Pompeii. * That city is covered with numerous alter- 
nations of different horizontal beds of tuff and lapilli, 
H 2 
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for the most part tb|ta, and subdivided into very fine 
layers, tj observed the Vbllowing section near the Am- 
phitheatre, in November, 1828 — (descerffliiig series). 

•'» Feet, Inches, 

1. Black sparkling sand from the eruption of 

IH2% containing minute rcgul&rly formed 

crystals of augite and tourmaline, from . 2 to 3* 

2. Vegetable mould . . . .30 

3. Brown inroherent tuff, full of pisolilic globules 

ill layers, from half an inch to three'inAies 
in thickness . . I . . f 1 6 

* 4. Small scorisc and white lapiJIi . ^ * .*0 3 

5. Brown earthy tuff, with nun^rous pisolitic 

globules * . • . . I .09 

0. Brown earthy tuff, with lapilli divided into 


layers 4 0 

7. Layer of wliitish lapilli . . 0 1 

8. Grey solid tuff .... 03 

9. Puinicc and white lapilli . . 0 3 


10 4 

IVJany of the ashes in tliesc beds are vitrified and 
harsh to the touch. Crystals of Icucite, both fresh 
and farinSceous, liave been found intermixed.f The 
depth of the bed of ashes above the houses is variable, 

^ The last great eruption, in 1822, caused a covering only a 
few inches thick on Ponupeii. Several feet are mentioned by 
Mr, Foibes. — Ed. JoMrn.*of Science, No. xix. p, 131. Jan. 1829. 

^ ItBut he must have measured in spots where it bad drifted. The 
' dust and ashes were 8ve feet thick at the top of the crater, and 
decreased gradually to ten inches at Torre ckil Annunziata. Tlie 
size and weight of the ejected fragments diminished very regu- 
larly in the same continuous stmtum, as fhe distance from the 
centre of projection was greater, 
f Forbes, ibid. p. 130. 
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but seldom exceeds tH^elve or fourteen feet, and it is 
said that th& higher part of tile Amphitheatr«^ always 
projected^^altove the surface ; though, if this were the 
case, it seems inexplicable that th^ city should never 
have been discovered till the year 1750. It will be 
observed, in the above section, fliat two of tlie brown , 
half-consolidated tuffs arc filled with small pisolitic 
globules. It is Surprising that this circumstance is not 
alluded to in ^he animated controversy which the 
Royal Ac{j^dem 3 \^of Naplefc^ maintained with one of 
their members, IS^gnor Lippi, as to the origin of the 
strata incumbent on Pompeii. The vpode of aggre-* 
gation of these globules has been fully explained by 
Mr. Scrope, who saw them formed in great numbers, 
in 1822, by rain falling during the eruption on fine 
volcanic sand, and sometimes, also, produced like hail 
in the air, by the mutual attraction of the minutest 
particles of fine damp sand. Their occ’Jfrrence, there- 
fore, agrees remarkably w’ell with the account of heavy 
rain, and showers of sand and ashes, recorded in his- 
tory, and is opposed to the theory of an alluvium 
brought from a distance by a flood of water. ^ 

Lippi entitled his work, “ Fh il fuoco o V acqua die 
sotterrd Pompei ed Ercolano?'** and he contended 
that neither were the two cities destroyed in the yfear 
79, nor by a volcanic oruptioii, but purely by the 
agency of water charged willf transported matter. 
His Letters, wherein he endeavoured to dispense, a# i 
far as possible, with igneous agency, even at tlie fdot 
of the volcano, were dedicated, with great prof^iety, 
to Werner, and afford an amusing illustration of the 
polemic style in which geological writers of that day 

* Napoli, isle. 

H 3 
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indulged themselves- 1 His arguments were partly of 
an historical nature, derived from the silence of con- 
temporary historians, respecting the fate ^f ^he cities 
which, as we have already Stated, is most remarkable, 
and partly drawn from physics^l proofs. He pointed 
I out with great clearness the resemblance of the tufa-* 
ceous matter in the vaults and^ cellars at Herculaneum 
and Pompeii, to aqueous alluviums, anckits distinctness 
from ejections which had fallen *tli-ough the air. 
Nothing, he observed, hui moist pa§/y’ mj^tter could 
have received the impression of woman's breast, 
•which was fourwl in a vault &i Pomgeii, or have given 
the cast of a statue discovered in the theatre at Her- 
culaneum. It was objected to him, that the heat of 
the tuff in Herculaneum and Pompeii was proved by 
the carbonization of the timber, corn, papyrus- rolls, 
and other vegetable substances there discovered : but 
Lippi replied V/ith truth, that the papyri would have 
been burnt up, if ithey had come in contact with fire, 
and that their being only carbonized was a clear de- 
monstration of their having been enveloped, like fossil 
wood, in ^ sediment deposited from water. The Aca- 
demicians, in their report on his pamphlet, assert, 
that when the Amphitheatre was first cleared out, the 
master was arranged, on the steps, in a succession of 
concave layers, accommodating themselves to the 
interior form of th€ bftilding, just as snow would lie if 
ft had fallen there. This observation is highly interest- 
ing, and points to the difference between the stratifica- 
tion of ashes in an open building, and of mud derived 
from the^ame in the interior of edifices and cellars. 
Nor ought we to call the allegation in qu^tion, be- 
pnae it could not be substantiated at the time of the 
4^troversy, after the ^natter had been all removed ; 
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although Lippi took advantage off his removal, and met 
the argument of his antagonist! by requiring ^hem to 
prove the/aJ?t* 

Pompeii not destroyed by lava , — There is decisive 
evidence that no stream of lava has ever readied 
Pompeii since it was first built,' although the found- 
ations of the town stand upon the old leucitic lava of 
Somma ; several streams of which, with tuff interposed, 
have been cut 't:hfough in excavations. At Hercula- 
neum the .^case '4s different, although the substance 
which fills the inV^rior of the houses and the vaults* 
must have been in|roduccd in a state of mud, like that , 
found in similar situations in Pompeii ; yet the super- 
incumbent mass differs wholly in composition and 
thickness. Herculaneum was situated several miles 
nearer to the volcano, and has, therefore, been always 
more exposed to be covered, not only by showers of 
ashes, but by alluviums and streams of Ihva. Accord- 
ingly, masses of both liave accumulated on each other 
above the city, to a depth of nowhere less than 70, and 
in many places of 112 feet.* r ^ 

The tuff which envelopes the buildings qonsists of 
comminuted volcanic ashes, mixed with pumice. A 
mask imbedded in this matrix has left a cast, the 
sharpness of which was compared by Hamilton’ to 
those in plaster of Paris; nor* was the mask in the 
least degree scorched, as if it llai^ been imbedded in 
heated matter. This tuff is porous ; and, when first 
excavated, is sbfj and easily worked, but acquires a 
considerable degree of induration on exposure to the 

air. Above this lowest stratum is placed, according to 

«• 

^ Hamilton’s Observations on Mount Vesuvius, p. 94. Lon- 
don, 1774. * 
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Hamilton, ‘‘ the matfer ot six eruptions,” each separ- 
ated fr|>m the other by veins of good so'd. In these 
soils Lippi states that he collected a ^opsiderable 
number of land sliells — wi observation which is no 
doubt correct; for many snails burrow in* soft soils, and 
some Italian species descend, when they hybernate, to 
the depth of five feet and more from the surface. 
Della Torre ^also informs us that thero is in one part 
of this superimposed mass a bed ortr^e siliceous lava 
(lava di pietra dura); ahd, as no /such ^ current is 
believed to have flowed till near qf^ie thousand years 
.after the destr^iction of Herculaneum, we must con- 
clude, that the origin of a large part of the covering of 
Herculaneum was long subsequent to the first inhu- 
mation of the place. That city, as well as Pompeii, 
was a seaport. Herculaneum is still very near the 
shore, but a tract of land, a mile in length, intervenes 
between the If^^rdcrs of the Bay of Naples and Pompeii. 
In both cases the»gain of land is due to the filling up 
of the bed of the sea with volcanic matter, and not to 
elevation by earthquakes, for there has been no change 
in the relative level of land and sea. Pompeii stood 
on a slight eminence composed of the lavas of the 
ancient Vesuvius, and flights of steps led down to the 
w£A.er’s edge. The lowermost of those steps are said 
to be still on an exacUlevcl with the sea. 

Condition afid mmtmts of the buried cities , — After 
these observations on the nature of the strata envelop- 
ing add surrounding the cities, we^ may proceed to 
consider their internal condition and contents, so far 
at least as they ofier facts of geological interest. Not- 
withstanding the much greater depth at whidh Hercu- 
laneum was buried, it was discovered before Pompeii, 
by the accidental circumstance of a well being sunk. 
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in 1713, which came right dpjvn upon the theatre, 
where the statues of Hercules and Cleopafya were 
soon foundi, Whether this city or Pompeii, both of 
them founded by Greek colonies, Was the most con- 
siderable, is not yet determined; but both are men- 
tioned by ancient authors as among the seven most 
flourishing cities in Campania. The walls of Pompeii 
were three miljes in circumference ; but we have, as 
yet, no certairJ^ knowledge of the dimensions of Her- 
culaneum. In the latter place the theatre alone is 
open for ihspectls^p; the F5rum, Temple of Jupitef^ 
and other buildings, having been filled up with rubbishy 
as the workmen proceeded, owing to the difficulty of 
removing it from so great a depth below ground. 
Even the theatre is only seen by torchlight, and the 
most interesting information, perhaps, which the geo- 
logist obtains there, is the continual formation of 
stalactite in the galleries cut througly the tuff ; for 
there is a constant percolation of water charged with 
carbonate of lime mixed with a small portion of mag- 
nesia. Such mineral waters must, in the course of 
time, create great changes in many rocks ; especially 
in lavas, the pores of which they may fill with calcareous 
spar, so as to convert them into amygdaloids. Some 
geologists, therefore, are unreasonable when they 
expect that volcanic rocks of j remote* eras should 
accord precisely with those of rAOclern date ; since it 
is obvious that many of those produced in our own 
time will not long retain the same aspect and internal 
composition. ' j 

Both at Herculaneum and Pompeii, temples have 
been found with inscriptions commemorating the re- 
building of the edifices after they had been thrown 
H 5 * 
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down by an eanhqualjie.* Tiiis earthquake happened 
in the %Bign of Nero, i&ixteen years befoic the cities 
were overwhelmed. In Pompeii, one fouath of which 
is now laid open td the day,; both the public and pri- 
vate buildings bear testimony to the catastrophe. The 
» walls are rent, and ig tnany places traversed by fissures 
still open. Columns are lying on the ground only half 
hewn from huge blocks of travertin, i^nd the temple 
for which they were designed is see^ half repaired. 
In some few places the paiement had sunk in, but in 
general it was undisturbed, consistij?§ of laTrge irregu- 
,Iar flags of lav| joined neatly together, in which the 
carriage wheels have often worn r&ts an inch and a 
half deep. In the wider streets, the ruts are numerous 
and irregular; in the narrower, there arc only two, one 
on each side, which are very conspicuous. It is im- 
possible not to look with some interest even on these 
ruts, which wpre worn by chariot wheels more than 
iifeeventeen centurips ago ; and, independently of their 
antiquity, it is remarkable to see such deep incisions 
so continuous in^ a stone of great hardness. We ob- 
serve nothing of the kind in the oldest pavements of 
modern cities. 

Small number of skeletons, — A very small number 
oftskeletons have been discovered lai either city; and 
it is clear that most qf the ^habitanta not only found 
time to escape, bi*t also to carry with them the prin- 
cipal part of their valuable effects. In the barracks at 
Pompeii were the skeletons of two soldiers chained to 
the stocks, and in the vaults of a country-house in the 
suburbs were the skeletons of seventeen persons, who 

■* Swinburne and Lalaiide. Paderni, Phil, 'fram, 1758, 
vol. 1. p. 619. 
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appear to have feted there to escape from the shower 
of ashes. They were found inclosed in an indurated 
tuff, and in^his matrix was preserved a perfect cast of 
a woman, perhaps the mistress of ^he house, witli an 
infant in her arms. Although her form was imprinted 
on the rock, nothin^f but the .bones remained. To 
these a chain of gold was suspended, and on the* 
fingers of the skeleton ^ere rings with jewels. Against 
the sides of tlife aamc vault was ranged long line of 
earthen amphorae. . 

The writings VM^ribblcd by the soldiers on the walls 
of their barracks, and the names of the owners of 
each house written over the doors, ai*e still perfectly 
legible. The colours of fresco paintings on the stuc- 
coed walls in the interior of buildings are almost as 
vivid as if they were just finished. There are public 
fountains decorated with shells laid out in patterns in 
the same fashion as those now seen pi the town of 
Naples ; and in the room of a painter, who was perha^a 
a naturalist, a large collection of shells was found, 
comprising a great variety of Mediterranean species, 
in as good a state of preservation as if they’ had 
remained for the same number of years in Vl museum. 
A comparison of these remains with those found so 
generally in a fossil state would not assist us in obtpin- 
ing the least iusight into the time required to produce 
a certain degree of dccomposifjon or mineralization ; 
for, although, under favourable circumstances, much 
greater alteration might doubtless have been l^rought 
about in a shorlter period, yet the example before us 
shows that an inhumation of seventeen centuries may 
soraetim$;s effect nothing towards the reduction of 
shells to the state in which fossils are usually found. 

The wooden beams in the jiouscs at Herculaneum 
II 6 
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are black on the exterior, but when cleft open they 
appear to be almost in the state of ordinary wood, and 
the progress made by the whole mass upwards the 
st&te of lignite is scarcely appreciable. Sonfe animal 
and vegetable substances of more perishable kinds 
have of course suffered much ctiange and decay, yet 
*thc state of conservation of these is truly remarkable. 
Fishing-nets are very abundant in both cities, often 
quite entire ; und their number at Pom jeii is the more 
interesting from the sea being now, as we stated, a 
mile distant. Linen has been found^ Hei 1 :ulaneum, 
with the texture well defined; and in a fruiterer’s shop 
in that city wej^ discovered vesselil full of almonds, 
cliestnuts, walnuts, and fruit of the carubiere,” all 
distinctly recognizable from their shape. A loaf, also, 
still retaining its form, was found in a baker’s shop, 
with his name stamped upon it. On the counter of 
an apothecary a box of pills converted into a fine 
♦MTthy substance ; and by the side of it a small cylin- 
ll^ical roll, evidently prepared to be cut into pills. Hy 
j^he side of these was a jar containing medicinal herbs. 
In 1627, moist ofives were found in a square glass 
case, and • caviare,” or roe of a fish, in a state of won- 
derful preservation. An examination of these curious 
condiments has been published by CovelH, of Naples, 
and they are preserved hermetically sealed in the 
museum there.* 

# • 

Papyri. — There is a marked difference in the con- 
dition ^nd appearance of the animal and vegetable 
substances found in Pompeii and Heit^ulaneum ; those 
of Pompeii being penetrated by a grey pulverulent 
tuff, ^hose in Herculaneum seeming to have l|}.een first 


f Mr. Forbes, Edin, Journo of Sci., No. xix. p. ISO, Jan. 1829. 
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enveloped by a paste which coi^oltdated round them, 
and then allowed them to become slowly carbonized. 
Some of tljp rolls of papyrus at Pompeii still retain 
their fortn ; but the writing, and irideed almost all the 
vegetable matter, appear to have vanished, and to have 
been replaced by volcanic tuff somewhat pulverulent. 
At Herculaneum the earthy niatier has scarcely ever’ 
penetrated; and the vegetable substance of the papy- 
rus has becoDie »a thin friable black matter, almost 
resembling in appearance ^ the tinder which remains 
when stift*^ papev Jias been burnt, in which the letters 
may still be sometimes traced. The small bundles of 
papyri, composedi of five or six rolls ^jed up together, 
had sometimes lain horizontally, and were pressed in 
that direction, but sometimes they had been placed in 
a vertical position. Small tickets were attached to 
each bundle, on which the title of the work was in- 
scribed. In one case only have the she.ets been found 
with writing on both sides of the pages. So numeroQg 
are the obliterations and corrections, that many raiisf 
have been original manuscripts. The variety of hand-* 
writings is quite extraordinary: nearly all are written 
in Greek, but there are ,a few in Latin. They were 
almost all found in a suburban villa in the library of 
one private individual ; and the titles of four hun(b*ed 
of those least injured, which have bcen»rcad, are found 
to be unimportant works, but all entirely new, chiefly 
relating to music, rhetoric, and cookery. There are 
two volumes of Epicurus « On Nature,” and th§ others 
are mostly by v/riters of the same school, only one 
fragment having been discovered, by an opponent of 
the Epieprean system, Chrysippus.* 

* In one of the manuscripts which was in the hands of the 
interpreters when 1 visited the mu&i'um, the author indulges in 
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Prohability of futui^ discoveries of MSS, — In the 
opinion some antiquaries, not one-hun(k*eth part of 
city has yet been explored; and t^e quarters 
hitherto cleared olit, at a^eat expense, dre those 
where there Was the least probability of discovering 
^ manyscripts. As Italy could already boast her splen* 
did Roman amphitlieatres and (ireek temples, it was a 
matter of secondary interest th add ta, their number 
those in the 'dark and dripping galleries of Hercula- 
neum ; and having so many of the masterpieces of 
jfticient art, we could havcf dispense^vith the inferior 
busts and statues which could alone have been ex- 
pected to reward our researches in Hilie ruins of a pro- 
vincial town. But from the moment that it was ascer- 
tained that rolls of papyrus preserved in this city could 
still be deciphered, every exertion ought to have been 
steadily and exclusively directed towards the discovery 
of other librarii*s. Private dwellings should have been 
1|earclied, before so much labour and expense were 
consumed in examining public edifices. A small por- 
tion yf that zeal and enlightened spirit which prompted 
the late French and Tuscan expedition to Egypt 
might, lon^ ere this, in a cowntry nearer home, have 
snatched from oblivion some of the lost works of 
the* Augustan age. or of eminent Greek historians and 
philosophers. A single roll of papyrus might have dis- 
closed more mattc^; of intense interest than all that 
was ever written in hieroglyphics.* 


the speculation that sill the Homeric personages were allegorical — 
that Agamemnon was the ether, Achilles the sun, Helen the 
earth, Baris the air. Hector tlie moon, &c. 

♦ During my stay at Naples, in 1828 , the Neapolitan govern- 
Ipfent, after having discontizided operations for many years, cleared 
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Stabia*, — Besides the citi^ already mentioned, 
Stabiae^ a Mntiall town about aix miles from Vesuvius, 
and near t^e site of the modern Castel-a-lV^are (see 
map of i^olcanic district of Naples)^ wajs overwhelmed 
during the eruption of 79. Pliny mentions that, when 
his uncle was there, he was obliged to make his escape, 
so great was the quantity of falling stones and ashes. 
In the ruins this place, a few skeletons have been 
found buried in uolcanic ejections, together with some 
antiquities of no great value, and rolls of papyrus, 
which, like those of Pompeii, were illegible. 

Torre del Greco oveijiotved hy lava» — Of the towns 
hitherto mentioned, Herculaneum alone has been over- 
flowed by a stream of melted matter; hut this did not, as 
we have seen, enter or injure the buildings which were 
previously enveloped or covered over with tuff. But 
burning torrents have often taken their course through 
the streets of Torre del Greco, and ^^onsumed or in- 
closed a large portion of the town in solid rock. It 
seems probable that the destruction of three thousand 
of its inhabitants, in 16S1, which some accounts attri- 
bute to boiling water, was principally due to one of 
those alluvial floods which we before mentioned : but, 
in 1737, the lava itself flowed through the eastern side 
of the town, and afterwards reached the sea ; anflj in 


out a small portion of Herculaneum, near the sea, where the 
covering was least thick. After Uiis expense had been* incurred, 
it was discovered tdat the whole of the ground had been previously 
examined, near a century before, by the French Prince (jpElbceuf, 
who had removed every thing of value! Such is the want of 
system with which operations have always been, and still are, 
carried on here, that we may expect similar blunders to be made 
continually. 
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another current rolling over the western side, 
filled the streets ana bouses, and killed* more than 
foj^r hundred persons. The main street 1 $ now quar- 
ried through this iRva, which^ supplied buildidg stones 
for new hous^iS erected where others had been anni- 
hilated. The church «ras half bhried in a rocky mass, 
"but the upper portion served as the foundation of a 
new edifice. * % 

The numbet' of the population at preset is estimated 
at fifteen thousand ; and a satisfactory .answer may 
readily be returned to those who inquire h8w the in- 
habitants can be so “ inattentive to the voice of time 
and the warnings of Nature as to rebuild their dwell- 
ings on a spot so often devastated. No neighbouring 
site unoccupied by a town, or which would not be 
equally insecure, combines the same advantages of 
proximity to the capital, to the sea, and to the rich 
lands on the fhqiks of Vesuvius. If the present popu- 
lation were exiled, they would immediately be replaced 
by another, for the same reason that the Maremma of 
Tuscany and the Campagna di lloma will never be 
depopulated, although the malaria fever commits more 
havoc in a^few years than the Vesuvian lavas in as 
many centuries. The district around Naples supplies 
QDe« amongst innumerable examples, that those re- 
runs where the surface is most frequently renewed, 
and where the renovjiti(m is accompanied, at different 
intervals of time, by partial destruction of animal and 
vegetable life, may nevertheless be amongst the most 
habitaUe and delightful on our globe. * 

I have already made a similar remark when speak- 
ing of tracts where aqueous causes arc now most 
active; and the observation applies as well to parts 

• Sir H. Davy, Consolations in Travel, p. 66. 
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of the surface.which are the ab|de of aquatic animals, 
as to thos^* which support terrestrial speciqs. The 
sloping sidflB of Vesuvius give nourishment to a vigor* 
ous and 'healthy population of aboht eighty thousand 
souls ; and the surrounding hills *and plains, together 
with several of the adjoining isle§, owe the fertility of ^ 
their soil to matter ejected by prior eruptions. Had 
the fundamental limestone of the Apennines remained 
uncovered throughout the whole area,* ^he country 
could not have sustained ^ twentieth pari; of its pre- 
sent inhabitants. This wiirbe apparent to every ge<A 
legist who has marked the change in the agricultural 
character of the *soil the moment he has passed the 
utmost boundary of the volcanic ejections, as when, 
for example, at the distance of about seven miles from 
Vesuvius, he leaves the plain and ascends the declivity 
of the Sorrentine Hills. 

Concluding remarks, — Yet favoured as this region 
has been by Nature from time iminemorial, the signs 
of the changes imprinted on it during the period that 
it has served as the habitation of man may appqar in 
after-ages to indicate a series of unparalleled disasters. 
Let us suppose that at some future time the Mediter- 
ranean should form a gulf of the great ocean, and that 
the tidal current should encroach on the shoreo of, 
Campania, as it now advances ppon thh eastern coart 
of England ; the geologist will ith?n behold the towns 
already buried, and many more which will evidently 
be entombed hereafter, laid open in the steep cliffs, 
where he will discover buildings superimposed/ibove 
each other, with thick intervening strata of tuff or 
lava — same unscathed by fire, like those of Hercula- 
neum and Pompeii; others half melted down, as in 
Torre del Greco; and many* shattered and thrown 
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about in strange confusion, as in Tripergola. Among 
the ruin| will be seen skeletons of men, fuid impres- 
sions of the human form stamped in solid rocks of tuff. 
Nor will the signs* of cartlu|uakes be wanting. The 
pavement of part of ^he Domitian Way, and the Tem- 
^ple (^f the Nymphs, j submerged at high tide, will be 
uncovered at low water, the columns remaining erect 
and uninjured. Other temples which*4iad once sunk 
down, like that of Serapis, will be fcfunll to have been 
upraised again by subsequent movements.. If they who 
slud}^ these phenomena, and speculate on their causes, 
assume that there were periods when the laws of Na- 
ture differed from those established fn their own time, 
they will scarcely hesitate to refer the wonderful 
monuments in question to those primeval ages. When 
they consider the numerous proofs of reiterated cata- 
strophes to which the region was subject, they may, 
perhaps, comnj^serate the unhappy fate of bjeings con- 
demned to inhabit; a planet during its nascent and 
Chaotic state, and feel grateful that their favoured race 
has (v^caped such scenes of anarchy and misrule. 

Yet what was the real condition of Campania during 
those years of dire convulsion ? “A climate where 
heaven’s breath smells sweet and wooingly — a vigorous 
.anc^ luxuriant nature unparalleled in its productions — 
a coast which ^as onc^ the fa^y land of poets, and the 
favourite retreat oft gaeat men. Even the tyrants of 
the creation loved this alluring region, spared it, 
adorned it, lived in it, died in it.*’ * The inhabitants, 
indee^, have enjoyed no immunity from the calamities 
which are the lot of mankind ; but the prindipal evils 
which they have suffered must be attributed to moral, 
not to physical, causes* — to disastrous events over 

♦ Forsyth’s Italy, vol. ii. 
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which man might have exercised\a control, rather than 
to the inevitable catastrophes ‘which result fr^m sub- 
terranean a|fency. When Spartacus encamped his 
army of ten thousand gladiators in the old extinct 
crater of Vesuvius, the volcano was more justly a 
subject of terror to Campania, th^jn it has ever been 
since the rekindling of its fires. 
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CHAPTER XIL 

ETNA SKAPTAR JOKUIi .TORULLO . 

External physiognomy of Etna — Lateral fones — Their succcs- 
sive obliteration — Early eruptions of Etna — ; Monti Rossi in 
1669 — Great Fissure of S.*Lio — Towns overflftwed by lava 
— Part of Catania destroyed (p. 171.) — Mode of advance of a 
current of lava — Excavation of a rhurclyunder lava — Subter- 
ranean caverns — Linear direction of cones formed in 1811 
and 1819 — Flood produced in 1755 by the melting of snow 
during an eruption — A glacier covered by lava on Etna — 
Volcanic eruptions in Iceland fp. 179.) — New island thrown 
up in 1783 — Lava currents of Skapt&r Jokiil in same year— 
Their immense volume — Eruption of Jorullo in Mexico (p. 
186.) — Humboldt’s Theory of the convexity of the Plain 
of Malpais. 

JExtttmal physiognomy of tim com, — Having entered 
into a derailed historical account of the changes in 
the volcanic district round Naples> 1 shall allude in a 
more cursory manner to some of the circumstances of 
prihcipal interest in,, the history of other volcanic 
mountains. After Vesuvius, our most authentic records 
relate to Etna, wlficfi rises near the sea in solitary 
grandeur to the height of nearly eleven thousand feet,* 

* la 1R15, Captain Smyth asc«^rtained, tngonometrically, that 
the height of Etna was 10,874 feet. The Catanians, disappointed 
that their mountain had lost nearly 2000 feet of the heigjht assigned 
by Recupero, refused to acquiesce in the decision. After- 
'f^s, in 1824, Sir J. Herschel, not being aware of Captain 
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the mass being chiefly composed of volcanic matter 
ejected above the surface of the water. The^base of 
the cone .is Almost circular, and eig|ity-seven English 
miles in circumference ; Ifut if we include the whole 
district over which its lavas extend, the circuit is 
probably twice that extent. 

Ditfided into three regions The cone is divided by 

nature into three distinct zones, called tl;e fertile^ the 
woody^ and the desert regions. The first of tlicsc, com- 
prising tha delightful country around the skirts of thei 
mountain, is well cultivated, thickly inhabited, and 
covered with olive^, vines, corn, fruit-trees, and aro- 
matic herbs. Higher up, the woody region encircles 
the mountain — an extensive forest, six or seven miles 
in width, affording pasturage for numerous flocks. The 
trees are of various species, the chestnut, oak, and 
pine being most luxuriant ; while in some tracts are 
groves of cork and beech. Above thh forest is the 
desert region, a waste of black lava dnd scoriai ; where, 
on a kind of plain, rises the cone to the height of 
about eleven hundred feet, from' ^ich sulphureous 
vapours are continually evolved. Tfie most^rand and 
original feature in the physiognomy of Etna is the 
multitude of minor cones which distributed over^its 
flanks, and which arc most abundant in the woody 
region. These, althougll they Sppear but trifling ir- 
regularities when viewed from a distance as subordi- 
nate parts of so imposing and colossal a mountain, 
• 

Smyth’s conclusions, determined, by careful barometrical measure- 
ment, that ♦the height was 10,872j feet. This singular agreement 
of results so differently obtained was spoken of by Hcrschel as << a 
happy accident but Dr. Wol!aston,remarked that ** it was one 
of those accidents which would not have happened to two fools.'* 
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would, nevertheless, deemed hills of considerable 
altituda in almost any other region. 

Cones produce^ hy lateral erupHms, — Wifhout enu- 
merating numerous niontic<»les of ashes thrown out at 
different points, there are abouf eighty of these secon- 
dary volcanos, of aonsiderahle dimensions; fifty-two 
on the west and north, and tYenty-seven on the east 
side of Etna. One of the largest, called Monte Mi- 
nardo, near Bronte, is upwards of 700 feet in height , 
and a double hill near Nfcolosi, called' Monti Rossi, 
formed in 1669, is 450 feet high^ and the base two 
miles in circumference ; so that it somewhat exceeds 
in size Monte Nuovdj before descrilbed. Yet it ranks 
only as a cone of the second magnitude amongst those 
produced by the lateral eruptions of Etna. On look- 
ing down from the lower borders of the desert region^ 
these volcanos present us with one of the most de- 
lightful and Miaracteristic scenes in Europe. They 
afford every varie^ of height and size, and arc arranged 
in beautiful an|^p|turesque groups. However uniform 
they may app4i^p|<?n seen from the sea, or the plains 
below, nothing Si be more diversified than their 
shape when we look from above into their craters, one 
side of which is generally broken do^n. There are, 
inniaed, few objects ^^aturc more picturesque than a 
wooded volcanic cralbK The cones situated in the 
higher parts of the«fofest zqne are chiefly clothed witli 
lofry pirNSs; while those at a lower elevation are 
adorndd with chestnuts, oak, beech, and holm. 

Successive Miteration of these cone^, -r- Hie history 
of the eruptions of Etna, imperfect and interrupted as 
it is, aflbrds, nevertheless, a full insight into the manner 
in which the whole mountain has successively attained 
ipi present magnitude and iiiternal structure. The 
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principal cone has more than ince fallen in and been 
reproduced* In it was §20 feet high, a«iid fell in 
after the earthquakes of 1537. Jn the year 1693, 
when a violent earthquake shook the whole of Sicily, 
and killed sixty tho^and persons, the cone lost bo 
much of its height, says Bocconos that it could not be* 
seen from several places in Yaldempne, from which it 
was before visible. The greater number of eruptions 
happen either from the great crater, or fr6m lateral 
openings m the desert regfon. When hills are tlirown 
up in the middle ^>nc, and project beyond the general 
level, they gradually lose their height during subse- 
quent eruptions ; for when l^v^ runs down irom the 
upper parts of the mountain, and encounters any of 
these hills, the stream is divided, and flows round them 
so as to elevate the gently sloping grounds from which 
they rise. In this manner a deduction is often made 
at once of twenty or thirty feet, or e^en more, from 
their height. Thus, one of the minor cones, called 
Monte, Peluso, was diminished in^iiimtude by a great 
lava stream which encircled it ; and another 

current has recently taken the samfe cour6e%-<» yet this 
hill still remains four or five hundred feet higli. 

There is a cone called Monte Nucilla, near Nicolosi, 
round the base of which successive cutlets 

have flow'ed, and showers of anies have fallen, Mnce 
the time of history, till at last,^ during an eruption in 
1536, the surrounding plain was so raised, that the top 
of the cone alonq was left projecting above the general 
level. Monte Nero, situated above the GrottA dell* 
Capre, was in 1766 almost submerged by a current; 
and Monte Capreolo afforded, in the year 1669, a 
curious example of one of the last stages of obliter- 
ation : for a lava stream, descending on a high ridge 
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which had been built up by the continued superposi- 
ti(jA of successive lavas, Bowed directly into the crater, 
and nearly filled itj. The lava, therefore, ftf ^ach new 
lateral cone tends to detraet \from the relative height 
of lower cones above their bas^: so that the flanks of 
• Etna, sloping with a«gentle inclination, envelop in suc- 
cession a great Multitude of minor volcanos, while new 
ones pp from time to time ; an^ this has given 

to the oCr parts of the mountain*, as seen in some 
jections two or three thousand feet perpepdicular, a 
complex and highly interesting int^nal structure. 

l^arly eruptions — Etna appears to have 

been in activity fronrill^ earliest times of tradition ; for 
Diodorus tSiculus mentions an eruption which caused 
a district to be deserted by the Sicani before the Tro- 
jan war. Thucydides informs us that in the sixth 
year of the Peloponnesian war, or in the spring of the 
year 425 b. c., V lava stream ravage^ the environs of 
Catania, and this, Ik sayS) was the third eruption which 
had happened in i^Ncily since the colonization of Uiat 
islaotl by the GteAfiJl The second of the three erup- 
tions altudrd to by the historian took place in the year 
475 B. c., and was that so poetically described by 
P i|| |flr. two years afterwards, in his first Pythian ode:-* 

I 

A'ougav^ (rwfX«( 

Nt^06ir<r’ Atrva, ^averts 
Xtoifos v^eias 


In these apd the seven verses which follow, a gra- 
phic description is given of Etna, such as it appeared 
fi^pM^uries before the Christian era, and sfich as it 


* Boof iii., it the end. 
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has been sewi when in eruption in modern times. The 
poet is onlyjoiaking a passing allusion to the SicSBan 
volcano, as the mountain under * which Typhceus 
lay buried, yet by a few touches of his master hand 
every striking feature bf the scene has been faithfully 
pourtrayed. We are told of the fpowy Etna, the 
pillar of heaven, — the nurse of everlasting frost, in 
whose deep cavesns lie concealed the * fiS^Ittains of 
unapproachable fire — a stream of eddying smoke by 
day — a *bnght and ruddy flame by night ; and 
burning rocks rolled down with loud uproar into the 
sea.** • _ 

Eruption of 1669 — Monti formed ^ — The great 

eruption which happened in the year 1669 is the first 
which claims particular attention. An earthquake 
had levelled to the ground all the houses in Nicolosi, a 
town situated near the lower margin^ of the woody 
region, about tw^ty miles from tl^e summit of Etna, 
and ten from the sea at Catania. ^ Two gulphs then 
opened near that town, from whe^i^.«and and scorite 
were thrown up in such quantity, tliat, in the course 
of three or four months, a double cone wks formed, 
called Monti Eossi, about 450 feet high. But the 
most extraordinary phenomenon occurred at thej^n- 
mencement of the convulsion djU the plain of l^Mo. 
A fissure six feet broad, and of ipl^own depth, opened 
with a loud crash, and ran in a somewhat tortuous 
course to within a mile of the summit of Et^a. Its 
direction was frofti north to south, and its length twelve 
miles. It emitted a most vivid light. Five other pa- 
rallel fis^res of considerable length afterwards opened 
one after the odier, and emitted smoke, and gave but 
bellowing sounds which beard at the distance of 
VOL. II. I 




Minor oma on thejlanks oj ISfTta. 

1. Monti Rossi, near Nicolosi, formed in 160*9. 

2. Vampeluso?* 

forty miles, 'ij'his case seems to present the geologist 
with an illustration of the manner in which those con- 
tinuous dikes of vertical porphyry were formed which 
are seen to traverse some of the older lavas of Etna ; 
for the li^it emitted from the great rent of S. Lio ap- 
pears to indicate that the fissure was filled to a certain 
he^ht with incandescent lava, probably to the height 
orifice not far distant from Monti Rossi, which 
at^' wiat time openec^nd pqured out a lava current. 
When the melted na^tter in such a rent has cooled, it 
must become a solid wall or dike, intersecting the 
older rocks of which the mountain is composed. 

The lava current above alluded to soon reached in its 

* The hill which I -have here introduced was ceiled by my 
Vampolara, but the name given in the text is the nearest to 
ms which 1 find in Gemn^llarci^S Catalogue of Minor Cones. 
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course a miflor cone called M6mpilicre» at th^ base of 
which it entered a subterranean grotto, communicating 
with a suite of those caverns whicli are so common 
m the lavas of Etna. Here it appears to have melted 
down some of the vaulted foundittions of the hiU, so , 
that the whole of that cone became slightly depressed 
and traversed by numerous open fissures. 

Pari of Cataniu destroyed. — The lava, after over- 
flowing fourteen towns anyi villages, some having a 
populatioh*of between three and four thousand inhabit- 
ants, arrived at length at the walls of Catania. These 
had been purposely raised to protect the city ; but the 
burning flood accumulated till it rose to the top of the 
rampart, which was sixty feet in height, and then it 
fell in a fiery cascade and overwhelmed part of the 
city. The wall, however, was not thrown down, but 
was discovered long afterwards, by ex^vations made 
in the rock by tlie Prince of Bijeari; so that the 
traveller may now see the solid lava curling over the 
top of the rampart as if still in the very act of falling. 

This great current had performed a course of fifteen 
miles before it entered the sea, where it was still six 
hundred yards broad, and forty feet deep. It covered 
some territories in the environs of Catania, which had 
never before been visited by th^jJ^iavas off Etna. While 
moving on, its surface was in gei^ral a mass of solid 
rock ; aud its mode of advancing, as is usual with lava 
streams, was by the occasional Assuring of the solid 
walls. A gentleban of Catania, named Pappa]ardo, 
desiring to secure the city from the approach of the 
threaten^g torrent, went out with a party of fifty 
men whom he had dressed in skins to protect them 
from the heat, and armed with^ iron crows and hooks. 
Th^ broke open one of the solid walls which flanked 

I 2 
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the cunrent near Belpasso, and immediately forth 
issued a rivulet of melted matter which toftk the direc- 
tion of Paterno; but the inhabitants of that town, being 
alarmed for their safety, took up arms and put a stop 
, to farther operations.^ 

As another illustration of the solidity of "tlie walls 
of an advancing lava stream, I may mention an adven- 
ture related fiy Recupero, who, in 1766, had'll^ended 
a small hill formed of ancibnt volcanic matter, to be- 
hold the slow and gradual approach of a fiery current, 
two miles and a half broad ; when suddenly two small 
threads of liquid matter issuing from a crevice detached 
themselves from the main stream, and ran rapidly 
towards the hill. He and his guide had just time to 
escape, when they saw the hill, which was fifty feet in 
height, surrounded, and in a quarter of an hour melted 
down into thelburning mass, so as to flow on with it. 

But it must not be supposed that this complete 
fusion of rocky matter coming in contact with lava is 
of universal, or even common, occurrence. It probably 
happens when fresh portions of incandescent matter 
come successively in contact with fusible materials. In 
many of the dikes which intersect the tuffs and lavas 
of Etna, there is scarcely any perceptible alteration 
effected by heat on tie edges of the horizontal beds, 
in contact with th^ vertical and more cr3rBtalline mass. 
On the site of Mompiliere, one of the towns overflowed 
in the^’great eruption above described, an excavation 
was made in 1704 ; and by immense labour the Work- 
men reached, at the depth of thirty-five fbet, the gate 
of the principal church, where there were three statues, 
held in high veneration. One of these, together with 


^ Ferrara, Descriz. dell* Etna, p. 108. 
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a bell, some«money, and other.articles, were extracted 
in a good stf te of preservation from beneath* a great 
arch formed by the lava. It seems tery extraordinary 
that any works of art, not encased with tuff, like those 
in Herculaneum, should have escaped fusion in hollow 
spaces lefl open in this lava current, which was so hot 
at Catania eight years kfter it entered the town, that 
it was impossible, to hold the hand in* some of the 
crevices. 

SvbterreLTiean caverns on Etna. — Mention was mado 
of the entrance of a lava stream into a subterranean 
grotto, whereby the foundations of a hill were partially 
undermined. Such underground passages arc among 
the^ most curious features on Etna, and appear to have 
been produced by the hardening of the lava, during 
the escape of great volumes of elastic fluids, which 
are often discharged for many days in succession, after 
the crisis of the eruption is over. Near Nicolosi, not 
far from Monti Rossi, one of these great openings may 
be seen, called the Fossa della Palomba, 625 feet in 
circumference at its mouth, and seventy-eight efeep. 
After reaching the bottom of this, we enter another 
dark cavity, and then others in succession, sometimes 
descending precipices by means of ladders. At length 
the vaults terminate in a great gallery ninety feet long, 
and from fifteen to fifty iSroad, ^e^ond which there is 
still a passage, never yet explored ; so that the extent 
of these caverns remains unknown.* The waUs and 
roofs of these great vaults are composed of rough and 
bristling scoriae, of the most fantastic forms. 

Erupxtm of 1811. — I shall now proceed to offer 
some observations on the two last eruptions in 1811 


* Ferrara, Descriz. dell* EtnA Palermo, 1818 . 
' I 3 
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and 1819.* It appears:, from the relaticn of Signor 
(iremmellaro, who witnessed the phenomena, that the 
great crater in 1811 first testified, by its loud detona- 
tions, that the Java had ascended to near the summit 
of the mouiitain. A violent shbek was then felt, and 
a stream broke out from the side of the cone, at no 
great distance from its apex. Shortly after this had 
ceased to flow, a second stream buret forth at another 
opening, considerably bcl^'w the first; then a third 
still Jow'cr, and so on till seven different issues had 
been thus successively formed, all lying upon the same 
straight line. It has been supposed that this line was 
a perpendicular rent in the internal framework of the 
mountain, which rcMit was probably not produced at 
one shock, but prolonged succ(‘ssively downwards, by 
the lateral pressure and intense heat of the internal 
column of lav^, as it subsided by gradual discharge 
thi ough each vent^f 

Erupt ion^pf — In 1819 three large mouths or 

caverns opened very near those which were formed in 
the eruptions of 1811, from wdiich flames, red-hot 
cinders, and sand, were thrown up with loud explo- 
sions. A few minutes afterwards another mouth 
opened below, from which flames and smoke issued ; 
and finally a fifth, lower still, ^whence a torrent of lava 
flowed, which spread itself with great velocity over the 
deep and broad valley called ** Val del Bove.” This 
stream! flowed two miles in the first twienty-four hours, 
and pearly as far in the succeeding day and night* 

^ Since this was written for the Ist edition of this work, another 
eruption has occurred. In 1832, the lava flowed down on the 
jjKfMtsidc of Etna to within two miles of Bronte. 

t Scrope on Volcanos, p;i53. 
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The three original mouths at length united into one 
large crate];, and sent forth lava, as did tlie infe- 
rior apertures, so that an enormous torrent poured 
down the ‘‘ Val del Bove.*^ When it arrived at a vast 
and almost perpendicAhar precipice, at the head of the 
valley of Calanna, it poured over in a cascade,* and,* 
being hardened in its (IcNCciit* made an inconceivable 
crash as it was dashed against the bottom. So im- 
mense was the column of ^ust raised by the abrasion 
of the tUfaceous hill over which the hardened, mass 
descended, that the Catanians were in great alarm, 
supposing a new^ eruption to have burst out in the 
woody region, exceeding in violence that near the 
summit of Etna. 

Mode ofadvarwe of the luva, — Of the cones thrown 
up during this eruption, not more than two are of suf- 
ficient magnitude to be numbered ant^ig those eighty 
which were before described as adorning the flanks of 
Etna. The surface of the lava which ^deluged the 

Val del Bove” consists of rocky and aUtguiar hlochs^ 
tossed together in the utmost disorder. Nothing can 
be more rugged, or more unlike the smooth and even 
superficies which those who are unacquainted with 
volcanic countries may have pictured to themselves, 
in a mass of matter which had conselidalcd from a 
liquid state. Mr. Scrope obsei;vq(l this current in the 
year 1819, slowly advancing down a considerable slope, 
at the rate of about a yard an hour, nine mondis after 
its first emi.ssion! The lower stratum being arrested 
by the resistance of the ground, the upper or central 
part grtylually protruded itself, and being unsupported 
fell down. This in its turn w^as covered by a mass of 
more liquid lava, which swelled over it from above. 
The current had all the appearance of a huge heap of . 
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rough and large cinders rolling over and' over upon 
itself by the effect of an extremely slow* propulsion 
from behind. The' contraction of the crust as it solidi- 
fied, and the friction of the scoriform cakes against one 
another, produced a c*^ackling solind. Within the cre- 
vices a dull red heat might be seen by night, and vapour 
issuing in considerable quantity was visible by day.* 
Flood produced hy the melting of* mop) by lava , — 
The erosive and transportmg power of running water 
itj rarely exerted on Etna with great forx^e", the rain 
which falls being immediately imbibed by the porous 
lavas ; so that, vast as is the extent of the mountain, 
it feeds only a few small rivulets, and these, even, are 
dry throughout the greater portion of the year. The 
enormous rounded boulders, therefore, of trachyte and 
basalt, a line of which can be traced from the sea, 
from near Giarfjiini, by Mascali, and Zafarana, to the 
« Val del Bove,’’ would offer a perplexing problem to 
the gcologis^ if history had not preserved the memo- 
rials ^of a tremendous flood which happened in this 
district in the year 1755. It appears that two streams 
of lava flowed in that year, on the 2nd of March, from 
the highest crater; they were immediately precipitated 
upon an enormous mass of snow, which then covered 
the whole mountain, and was extremely deep near the 
summit. The sudden .melting of this iSrozen mass, by 
a fiery torrent three miles in length, produced a 
frightful inundation, which devastated the sides of the 
mountain for eight miles in length,* and afterwards 
covered the lower flanks of Etna, where they were less 
steep, together with the plains near the sea, wjth great 
deposits of sand, scorise, and blocks of lava. 


* Scrope on Volcanoi^ p. lOS. 
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Many alisivd stories circulated in Sicily respecting 
this event, ^uch as that the water was boiling, and that 
it was vomited from the highest crater ; that it was as 
salt as the sea, and full of marine shells; but these 
were mere inventions*, to which Jlecupero, although he 
relates them as tales of the mountaineers, seems to 
have attached gather too much importance. 

Floods of considerable violence havemlso been pro- 
duced on Etna by the fall of heavy rains, aided, 
probably,* by the melting of snow. By this cause.alone, 
in 1761, sixty of the inhabitants of Acicatena were 
killed, and many* of their houses swept away.* 

Glacier cohered hy a lava stream, — A remarkable 
discovery has lately been made on Etna of a great 
mass of ice, preserved for many years, perhaps for 
centuries, from melting, by the singular accident of a 
current of red-hot lava having flowed over it. The 
following are the facts in attestation of a phenomenon 
which must at first sight appear of so paradoxical a 
character. The extraordinary heat experienced in the 
South of Europe, during the summer and autumn of 
1828, caused the supplies of snow and ice which had 
been preserved in the spring of that year, for the use 
of Catania and the adjoining parts of Sicily and thp 
island of Malta, to fail entirely. Great distress was 
consequently felt for want of ^ commodity regarded 
in those countries as one of the necessaries of life 
ratlier than an article of luxury, and the abundance of 
which contributes in some of the larger cities to 
salubrity of the water and the general health ^of the 
community. The magistrates of Catania applied to 
Signor M. Gemmellaro, in the hope that his local 


* Ferrara. Descriz. dell* Etna, p. 11 6. 
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knowledge of Etna mi^t enable him"^ to point out 
some crevice or natural grotto on the moui^tain, where 
drift snow was still preserved. Nor were they dis- 
appi^inted ; for he had long suspected that a small mass 
of perennial ice at the foot of ihe highest cone was 
part of a large and continuous glacier covered by a 
lava current. Having procured a large, body of work- 
men he quarrfed into this ice, and proved the super- 
position of the Java for several hundred yards, so as 
oompletely to satisfy himself that nothing bu'l tlie sub- 
sequent flowing of the lava over the ice could account 
for the position of the glacier. Unfortunately for the 
geologist, the ice was so extremely hard, and the ex- 
cavation so expensive, that there is no probability of 
the operations being renewed. 

On the first of December, 1 828, 1 visited this spot, 
which is on the south-east side of the cone, and not 
far above the ^asa Inglese ; but the fresh snow had 
already nearly fillc'd up the new opening, so that it 
had only the appearance of the mouth of a grotto. 1 
do not, however,* question the accuracy of the con- 
clusion of Signor (Tcmmellaro, who being well ac- 
quainted with all the appearances of drift snow in the 
^sures and cavities of Etna, had recognized, even 
before the late«excavations, the peculiarity of the po- 
fiition of the ice in thisMocality. We may suppose that 
at the commencement of the eruption, a deep mass of 
drift snqw hud been covered by volcanic sand showered 
do^n upon it before the descent of the lava. A dense 
stratum of this fine dust mixed w^ith scorise is well 
known to be an extremely bad conductor of heat ; and 
^|be shepherds in the liigher regions of Etna are accus- 
;;totned to provide watei; for their flocks during sum- 
mer» by strewing a layer of volcanic sand a few inches 
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thick ovei; ttfe snow, which^ effectually prevents the 
heat of thg sun from penetrating. • 

Suppose the mass of snow to have been preserved 
from lique&ction until the lower part of the lava had 
consolidated, we may then readily conceive that a gla- 
cier thus protected, at the heiglTt of ten tliousarld feet 
above the levql of tlid sea, would endure as long as the 
snows of Mont J31anc, unless melted volcanic heat 
from below. When I visited the great crater in the 
beginning of winter, (December 1st, 1828,) I fou|id 
the crevices in the interior encrusted with thick ice, 
and in some cases hot vapours were actually streaming 
out between masses of ice and the rugged and steep 
walls of the crater. 

After the discovery of Signor Gemmellaro, it would 
not be surprising to find in the cones of the Icelandic 
volcanos, which are covered for the most part with 
perpetual snow, repeated alternatioifs of lava streams 
and glaciers. * 

Volcaafdc eruptions in Iceland. — With the exception 
of Etna and Vesuvius, the most complete chrdhologi- 
cal records of a series of eruptions^re those of Iceland ; 
for their history reaches as far back as the ninth cen- 
tury of our era ; and, from the beginning of the twelfth 
century, there is clear evidence that, .during the whole 
period, there has nevdr been hn interval of more than 
forty, and very rarely one of twenty years, without 
either an eruption or a great earthquake. So intense 
is the energy «lf the volcanic action in this region, that 
some eruptions of Hccla have lasted six 3 ^ears without 
ceasing. Earthquakes have often shaken the whole 
island at once, causing great changes in the interior, 
such' as the sinking down ^ of hills, the rending of 
mountains, the desertion by rivers of their channels, 

* - r. 
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and the appearance of n^w lakes.* New inlands have 
often bedh thrown up near the coast, soni^ of which 
still exist ; while others have disappeared, either by 
subsidences or the action of the waves. 

In the interval between eruptions, innumerable hot 
Springs aiford vent to subterranean heat, and solfataras 
discharge copious streams of inflammable matter. The 
volcanos in different parts of this islapd are observed, 
like those of the Phlegraeaq Fields, to be in activity 
by turns, one vent oflea serving for a time as a safety- 
valve to the rest. Many cones are often thrown up in 
one eruption, and in this case they take a linear direc- 
tion, running generally from north-east to south-west, • 
from the north-eastern part of the island, where the 
volcano Krabla lies, to the promontory Reykianas. 

New island tJeroum up in 1783. — The convulsions of 
the year 1783 appear to have been more tremendous 
tlian any recorded in the modem annals of Iceland ; 
and the original Danish narrative of the catastrophe, 
drawn up in great detail, has since been substantiated 
by several English travellers, particularly in regard to 
the prodigious extent of country laid waste, and the 
volume of lava produced.f About a month previous 

• Von Hoff, vol.^ii. p. 393. 

t The first narrative of tho eruption was drawn up by Stephen- 
sen, then Chief Justice in!* Iceland, appointed Commissioner by 
the King of Denmark, for estimating the damage doiie to the 
country, that relief might be aHbrded to the sufferers. Henderson 
was ^fj^bled to. correct some of the measurem^ts given by Ste- 
jdienscn, of the depth, width, and length of the lava emrents, by 
reference to the MS. of Mr. Paulson, who visited the tWt in 
17^4, and exfunined the li^ya with atu^ntion. (Journal oV a Re- 
sidence in Iceland, &c. p. 229.) Some of the principal facts are 
corroborated by Dr. Hobker, in his Tour in Iceland,'* 
128. ' 
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to the eruj^ion on the main land, a submarine volcano 
burst forth^n the sea in lat. 63® 25' N. long. 25® 44' W. 
at a distance of thirty miles in a south-west direction 
from Cape Heykianas. and ejected so much pumice, 
that the ocean was covered with that substance to the 
distance of 150 miles, and ships were considerably im-' 
peded in theiacourse. A new island was thrown up, 
consisting of higji cliffs, within which fire, smoke, and 
pumice were emitted from,two or three different points. 
This islftid was claimed by his Danish Majesty, who 
denominated it Nyde, or the “New Island ; but before a 
year had elapsecH the sea resumed its ancient domain, 
and nothing was left but a reef of rocks from five to 
thirt}" fathoms under water. 

Greaf eruption of Skoptdr JfkuL — Earthquakes, 
which had long been felt in Icelqpd, became violent on 
the 11th of Jime, when Skapt4* Jokul, distant nearly 
two hundred miles from Nyoe,'^irew^out a torrent of 
lava which flowed down into tlA «iver Skapt&,' and 
completely dried it up. The channel of the riv«r was 
between high rocks, in many places'from four htfndred 
to six himdred feet in depth, and near two hundred in 
breadth* Not only did the lava fill up this great de- 
file to the brink, but it overflowed the adjacent fields 
to a considerable extent. The burningilood, on issuing 
from the confined rocky gorgej was then arrested for 
some time by a deep lake, which formerly existed in 
the course of the river, between l^aptardal^and Aa, 
which it entirety filled. The current then advanced 
again, and reaching some ancient lava full of subter- 
raneous caverns, penetrated and melted down part 
of it ; and in some places, where the steam could not 
gain vent, it blew up the rocjc, throwing fragments to 
the height of more than 150 feet. On the 18th of^ 
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June» another ejection qf liquid lava rushed from the 
volcano, ^bich flowed down with amazing velocity over 
the surface of tl)c first stream. By the damming up 
of the mouths of some of the tributaries of the Skaptd, 
many vilJages were completely averflowed with water, 
%nd thus great destruction of property was caused. 
The lava, alter flowing for several' days, was preci- 
pitated down a tremendous cataract .called Stapafoss> 
where it filled a profound^ abyss, which that great 
waterfall had been hollowing out for ages, and, after 
this the fiery current again continued its course. 

On the 8rd of August, fresh floods of lava still pouring 
from the volcano, a new branch was sent off in a dif- 
ferent direction ; for the channel of the Skapta was now 
so entirely choked up, and every opening to the west 
and north so obstructed, that the melted matter was 
forced to take a new course, so that it ran in a south- 
east direction, add discharged itself into the bed of the 
river Hverfisfliot, where a scene of destruction scarcely 
inferior to the former was occasioned. These Ice- 
landic* lavas (like the ancient streams which are met 
with in Auvergne, and other provinces of Central 
France,) are stated by Stephensen to have accumu- 
lated to a prodigious depth iu narrow rocky gorges ; 
but when they came to wide alluvial plains, they spread 
themselves out into bfoad burning lakes, sometimes 
from twelve to fifteen miles wide, and one hundred feet 
deep. When the “ fiery lake'" which filled up the lower 
portion of the valley of the SkaptSi had been augmented 
by new supplies, the lava flowed up the course of the 
river to the foot of the hills from whence th& Skaptft 
takes its rise. This affords a parallel case to one which 
can be shown to have happened at a remote era in the 
wflcahic region of the Vivarais in Fraacei where lava 
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issued from/he cone of Thueyjts, and while one branch 
ran down, {y;iother more powerful stream flowed up the 
channel of the river Ardeche. 

The sides of the valley of the Skapta present superb 
ranges of basaltic columns of older lavas, resembling 
those which are laid open in the valleys descending * 
from Mont D(jr in Auvergne, where more modern 
lava currents, on a scale very inferior in# magnitude to 
those of Iceland, have alsp usurped tlie beds of the 
existing rivers. The eruption of Skaptar JokuLdid not 
entirely cease till the end of two years; and when 
Mr. Paulson visited the tract eleven years afterwards, 
in 1791?, he found columns of smoke still rising from 
parts of the lava, and several rents filled with hot 
water.* 

Although the population of Iceland was very much 
scattered, and did not exceed fifty thousand, no less 
than twenty villages were destroyedf besides those 
inundated by water; and more Aian nine thousand 
human beings perished, together with an immense 
number of cattle, partly by the depredations of the 
lava, partly by the noxious vapours which impregnated 
the air, and, in part, by the famine caused by showers 
of ashes throughout the island, and the desertion of 
the coasts by the hsh. « 

Immense volume of the lava , the extraordinary 
volume of melted matter produced in this eruption 
deserves the particular attention of the geolog^t. Of 
the two branches, which flowed in nearly opposite 
directions, the greatest was hfty, and the lesser forty 
miles in length. The extreme breadth which the 
Skapta branch attained in the low countries was from 


* Henckrtton’s Journal, &c. p. 226. 
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twelve to Hfleen miles, J^hat of the othir Q,bout seven. 
The ordinary height of both currents was {^ne hundred 
feet, but in narrow defiles it sometimes* amounted to 
six hundred. A more correct idea will be formed of 
the dimensions of the, two streams, if we consider how 
"'striking a feature th^y would now form in the geology 
of England, had they been podred' out> on the bottom 
of the sea after the deposition, anej. before the eleva- 
tion of our secondary and ^tertiary rocks. The same 
causes which have excavated valleys through parts of 
our marine strata, once continuous, might have acted 
with equal force on the igneous rocks, leaving, at the 
same time, a sufficient portion un destroyed to enable 
us to discover their former extent. Let us,, then, 
imagine the termination of the Skapta branch of lava 
to rest on the escarpment of the inferior and middle 
oolite, where it commands the vale of Gloucester. Tlie 
great platform Snight be one hundred feet thick, and 
from ten to fifteen ‘miles broad, exceeding any which 
can be found in Central France. We may also sup- 
pose'great tabula? masses to occur at intervals, capping 
the summit of the Cotswold Ijills between Gloucester 
and Oxford, by Northleacli, Burford, and other towns. 
The wide valley of the Oxford clay would then occa- 
sion an interruption for many miles ; but the same 
rocks might recur on ^e sumftiit of Cumnor and Shot- 
over Hills, and all the other oolitic eminences of that 
district^ On the chalk of Berkshire, extensive plateaus, 
six or seven miles wide, would again4)e formed ; and, 
lastly, crowning the highest sands of Highgate and 
Hampstead, we might behold some remnants of the 
current five or six hundred feet in thickness,"^ causing 
those hills to rival, o^ even to surpass,^ in height, 
Salisbury Craigs and Arthur’s Seat. 
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The distaHce between the extreme points h^re indi- 
cated would tnot exceed ninety miles in a direct line ; 
and we might then add, at^the distance of nearly two 
hundred miles from London, along the coast of Dorset- 
shire and Devonshire Tor example, a great mass of 
igneous rocks, to repi;esent those of contemporary 
origin, which were produced beneath the level of the 
sea, where the island of Nyde rose up. • 

Volume of ancient and roodern flmvs of lava com- 
pared* — Tet, gigantic as must appear the sctile oP 
these modern volcanic operations, we must be content 
to regard tliem as^erfectly insignificant in comparison 
to currents of the primeval ages, if we embrace the 
tlieoretical views of some geologists of great celebrity. 
Thus, we are informed by Professor Brongniart, in his 
last work, that aux epoques g6ognostiques anciennes, 
tous les phenomehes geologiques se j)assoicnt dans 
des dimensions centuples de celles^ qu ils pr6sentent 
aujourd’hui,*'^ Had Skaptdr Jokul therefore been a 
volcano of the olden time, it would have poured §)r,th 
lavas at a single eruption, a hundred times more volu- 
minous than those which were witnessed by the present 
generation in 1783. But this can never have been 
intended by M. Brongniart ; for were we to multiply 
the two currents before ,describ.cd by sP hundred, and 
first assume that their height and«breadth remain the 
same, they would stretch out to the length of nine 
thousand miles, or about half as far again as f«om the 
pole to the equator. If, on the other hand, we suppose 
their length and breadth to remain the same, and 
multiply»their height in an equal proportion, the mean 


* Tableau des Terrains qui component TBcorce du Globe, p.52. 
Pans, 1829. 
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elevation of the volcanic mass becomes tien thousand 
feet, and its greatest more than doubles that of the 
Himalaya mountains. It will immediately be granted 
that, among the older formations, no igneous rock of 
such colossal magnitude has ydt been met with ; nay, 
* it would be most diflfcult to poiijt out a mass of ancient 
date distinctly referrible to a single eruption, which 
should even rival in volume the matter pitied out 
from Skaptar Jokul in 178p. * 

• Eruption of Jorullo in ] 759. — As anoth A* example 
of the stupendous scale of modern volcanic eruptions, 
I may mention that of Jorullo in* Mexico, in 1759. 
The great region to which this mountain belongs has 
already been described. The plain of Malpais forms 
part of an elevated platform, between two and three 
thousand feet above the level of the sea, and is bounded 
by hills composed of basalt, trachyte, and volcanic 
tuif, clearly inJicating that the country had previously, 
though probably a*t a remote period, been the theatre 
igneous action. From the era of the discovery of 
the New World to the middle of the last century, the 
district iiad remained undisturbed, and the space, now 
the site of the volcano, which is thirty-six leagues 
distant from the nearest sea, was occupied by fertile 
fields of sugaaf-cane and indigo, and watered by the 
two brooks Cuitimb^a ^nd San Pedro. In the month 
of June, 1759, hollow sounds of an alarming nature 
^ Were J^eard, and earthquakes succeeded each other 
for two months, until, in September, flames issued 
from the ground, and fragments of burniiijf rocks were 
thrown to prodigious heights. Six volcanif cones, 
composed of scorim and fragmentary lava, were formed 
on the line of a ch^m which ran in the direction from 
N. N. B. to S* S. ^ The least of these cones was 300 
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feet in height ; and Jonillo^ die central volcano, was 
elevated 16^ feet above the level of the p^ain. It 
sent forth great streams of basaltic lava, containing 
included fragments of granitic rocks, and its ejections 
did not cease till the ftionth of l^ebruary, 1760. 

Humboldt visited tjie country* more than 4>0 ye«|trs 
after this occurrence, and was informed by the Indians, 
that when they ricturned, long after tlie catastrophe, 
to the. plain, they found* the ground uninhabitable 
from the Excessive heat. When he himself visited the 
place, there appeared, around the base of the cones, 
and spreading fr«m them, as from a* centre, over an 
extent of four square miles, a mass of matter 550 
feet in height, in a convex form, gradually sloping in 
all directions towards the plain. This mass was still 
in a heated state, the temperature in the fissures 
being on the decrease from year to year, but in 1780 it 
was still suHicient to light a cigar at the depth of a few 
inches. On this convex protuberance were thousands 
of fiattish conical mounds, from six to nine feet high, 
which, as well as large fissures traversing the plain, 
acted as furoeroles, giving out clouds of sulphuric 
acid and hot aqueous vapour. The two small rivers 
before mentioned disappeared during the eruption, 
losing themselves below the eastern e:»trcmity of the 
plain, and reappearing us hot sprvigs at its western limit. 

Cause of the convexity of the plain of Malpais . — 
Humboldt attributed the convexity of the 4 )lain to 
inflation from h^low ; supposing the ground, for four 
square miles in extent, to have risen up in the shape 
of a bladder to the elevation of 550 feet above the 
plain in the highest part. But this theory is by no 
means borne out by the facts •desmbed ; and it is the 
more necessary to scrutinize closJ^ the proofs relied 
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on, because the opinion uof Humboldt ajpp^ars to have 
been redbivcd as if founded on direct observation, and 
has been made the graundwrork of other bold and ex- 
traordinary theories. Mr. Scrope has suggested that 
the phenomena may be accounted for far more natur- 
^ally, by supposing that lava flowing simultaneously 
from the different orifices, and prindpally from Jorullo, 
united into Ji, sort of pool or lake.. As they were 
poured forth on a surface previously flat, they would, 
if their liquidity was not very great, remain thickest 
and deepest near their source, and diminish in bulk 
from thence towards the limits of tha space which they 
covered. Fresh supplies were probably emitted suc- 
cessively during the course of an eruption which lasted 
a year; and some of these, resting on those first 
emitted, might only spread to a small distance from 
the foot of the cone, where they would necessarily 
accumulate to a great height. 

The showers, al^, of loose and pulverulent matter 
'Jifrbm the six craters, and principally from Jorullo, 
wduKi be composed of heavier and more bulky par- 
ticles near the cones, and would raise the ground at 
their base, where, mixing with rain, they might have 
given rise to the stratum of black clay which is 
described as covering the lava. The small conical 
mounds (called ^^hormtos,’' or little ovens) may re- 
semble those five or six small hillocks which existed 
in 1823 on the Vesuvian lava, and sent fortli columns 
of vapour, having been produced by the disengage- 
ment of elastic fluids heaving up small dome-shaped 
masses of lava. The fissures mentioned by Humboldt 
as of frequent occurrence, are such as might naturally 
accompany the consolid|ition of a thick bed of lava, 
contracting as it ^geals ; and the disappearance of 
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rivers is thfe usual result of* the occupation of the 
lower part rf a valley or plain by lava, of which there 
are many beautiful examples in the old lava-currents 
of Auvergne. The heat of the “hornitos” is stated 
to have diminished from the fir^t ; and Mr. Bullock, 
who visited the sjpotj^many years after Humboldt, 
found the temperature of the hot spring very low, — a 
fact which seems nilearly to indicate thef gradual con- 
gelation of a subjacent b<*4 of lava, which from* its 
immense thickness may have been enabled to retail/ 
its heat for half a century. The reader may be re- 
minded, that whete wc thus suppose the lava near the 
volcano to have been, together with the ejected ashes, 
more than five hundred feet in depth, we merely 
assign a thickness which the current of Skaptar Jokul 
attained in some places in 1783. 

Hollow sound of the plain when styick . — Another 
argument adduced in support of the theory of inflation 
from below, was, the hollow sound made by the steps; 
of a horse upon the plain; which, ^however, prpv^* 
nothing more than that the materials of which the 
convex mass is composed are light and porous. Hie 
sound called ‘‘rimbombo’* by the Italians is very 
commonly returned by made ground when struck 
sharply ; and has been ojiserved^ not only on the sides 
of Vesuvius and other volcanic* cones where there is 
a cavity below, but in plains such as the Campagna di 
Roma, composed in a great measure of tuff an(l porous 
volcanic rocks. The reverberation, however, may 
perhaps be assisted by grottos and caverns, for these 
may be as numerous in the lav^s of Jorullo as in many 
of those of Etna ; but their existence would lend no 
countenance to the hypothe&is a great arched 
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cavity, i^ur square milt's in extent, and in the centre 
550 feet high * c 

No recent eruptions of Jortdh. — In a former edition 
I stated that I had been informed by Captain Vetch, 
that in 1819 a to\^r at Guadalaxara was thrown 
down by an earthquake, and that ashes, supposed to 
have come from Jorullo, fell at the same time at Guan- 
axuato, a tou’n situated 140 Engli&h miles from the 
volcano. There appears,/ however, to have been a 
^mistake in the statement; for Mr.Burkart,aGerman di- 
rector of mines, who examined Jorullo in 1827j ascer- 
tained that there had been no eruption there since 
Humboldt's visit in 1808. He went to the bottom of 
the crater, and observed a slight evolution of sul- 
phurous acid vapours, but the ‘‘ hornitos” had entirely 
ceased to send forth steam. During the twenty- 
four years intervening between his visit and that of 
Humboldt, vegetation had made great progress on the 
flanks of the new hills, the rich soil of the surrounding 
isountry was oncp more covered with luxuriant crops 
of sugar-cane and indigo, and there was an abundant 
growth of natural underwood on all the uncultivated 
tracts.f 

♦ See Scrope 5ii Volcanos, p. 267. 

f Leonhard and l}rqnn.!s Neues Jahrbucb, 1835, p. 36. 
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Volcanic archipelagos Canaries — Eruptions in TeneriiTe— • 
Cones thrown uji in T^anccrole in 1 730-36 — Pretended dis- 
tinction between ancient and modern lavas -a. ]{.eeent oolitic 
travertin in Lancerotc — StiJjtnarine volcanos (p. 198.5 — 
Graham dsland formed in 1831 — Von Buch’s Theory of* 
“ Elevation Craters’* considered (p, *205.) — Santoriii and its 
contiguous isles — Isle of Palma, a supposed “ Crater of Ele- 
vation** (p. 213.) — Barren Island in the Buy of Bengal 

Mineral composition of volcanic products (p. 223.) — Specu- 
lations respecting igneous rocks produced at great depths by 
modern volcanic eruptions. 

Volcanic archipelagos. — In our chronological sketch 
of the 'changes^ which have happened within the tra- 
ditionary and historical period in ifte volcanic district 
round Naples, we described the renewal of the fires of 
a central and habitual crater, and the almost entire 
cessation of a series of irregular eruptions from minor 
and independent vents. Some volcanic archipelagos 
offer interesting examples of the converse of this 
phenomenon ; the great habitual vent having become 
almost sealed up, and crhptions of^great violence now 
proceeding, either from different points in the bed of 
the ocean, or from adjoining islands, where, ^as for- 
merly in Ischia, nicw cones and craters are formed 
from time to time. Of this state of things the CaniU'y 
Islands now afford an example. 

Peeik *of Teneriffe . — The hipest crater of the Peak 
of Teneri£Pe lias been in the $tate of a solfatara ever 
since it has been known to Europeans; but several 
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eruptions have taken place from the sides of the 
mountain ; one in the year 1430, ivh'ch formed 
small hill, and another in 17,04 and the two following 
years, accompanied with ^cat earthquakes, when the 
lava overflowed a toyvn and harbour. Anotlier erup- 
tion happened in Jpne, 1798, not far from the summit 
of the peak. But 'these lateral emiscions of lava, at 
distant inter'^als, may be considered as of a subor- 
dinate kind, and subsidi^try to the great discharge 
which has taken place in the contiguous isles of 
Palma and Lancerote ; and the occasional activity of 
the peak may be compared to the irregular eruptions 
before mentioned, of the Solfatara, of Arso in Ischia, 
and of Monte Nuovo, which have broken out since 
the renewal of the Vesuvian fires in 79. 

Eruption in Lancerote^ 1730 to 1736. — The effects 
of one of these insular eruptions in the Canaries, which 
happened in iLancerote, between the years 1730 and 
1736, were very remarkable; and a detailed descrip- 
^on has been published by Von Buch, who had an 
opportunity, when he visited that island in 1815, of 
comp^|ag the accounts transmitted to us of the 
event, "‘with the present state and geological appear- 
ances of the country.* On the Ist of September, 
1730, the ea’-th split open on a sudden two leagues 
from Yaira. In pi\p night a considerable hill of 
ejected matter was |hrown up ; and a few days later, - 
another vent opened^ and gave out a lava-stream, 
which overran Chinlinfaya and other villages. It 
flotfved first rapidly, like water, but became afterwards 

* Tills account was pri^pally derived by Von Buth fWim the 
intis, of Don Andrea Lorenzo Curbeto, Curate of Yaira, the point 
where the eruption began. ^ Ueber einen vukauischen Ausbruch 
auf der Inset Lanz^te. 
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heavy and s4»w* like honey. On the 7th of September 
an immense jrock was protruded from the bottom of 
the lava, with a noise like thunder, and the stream 
was forced to change its course from N. to N. W., so 
that St. Catalina and otdier villages were overflowed. 

Whether this mass wjis protruded by an earthquake, 
or was a mass lof *ancicni lava, blown up like that 
before mentioned iji 1783 in Iceland, is iy)t explained. 

On the 11th of Septeml^r more lava flowed out, 
and coverad the village of Maso entirely, and, for the » 
space of eight days, precipitated itself with a horrible 
roar into the sea. «Dead flsh floated on the waters in 
indescribable multitudes, or were thrown dying on the 
shore. After a brief interval of repose, three new 
openings broke forth immediately from the site of the 
consumed St. Catalina, and sent out an enormous 
quantity of lapilli, sand, and ashes. On the 28th of 
October, the cattle throughout the whole country 
dropped lifeless to the ground, suffocated by putrid 
vapours, which condensed and fell down in drops.. 
On the 1st of December a lava stream reached the 
sea, and tbrmed an island, round which dead flsh were 
strewed. 

Number of caries thrown up . — It is unnecessary here 
to give the details of the overwhelming of other places 
by fiery torrents, or of a storm wjjiich was equally new 
and terrifying to the inhabitantSi as they had never 
known one in their country before. On the y)th of 
January, 1731, a high hill was thrown up, which, on 
the same day, precipitated itself back again into its 
own crater ; fiery brooks of lava flowed from it to the 
sesL* On* the 3rd of February a new cone arose. 
Others were thrown up 4n Maych, and poured forth 
lava-streams. Numerous other volcanic cones were 
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subsequently formed in, succession, till at last their 
number ^amounted to about thirty. In ^.Tune, 1731, 
during a renewal of the eruptions, all the banks and 
shores in tlie western part of the island were covered 
with dying fish, of different species, some of which 
had never before 'been seen. Smoke and flame arose 
from the sea, with loud detonations. ..These dreadful 
commotions lasted without interruption for jwe 
cessive years^ so that a gr^at emigration of the inha- 
bitants became necessary. " • 

7%«r Umar direction. — As to the height of the 
new cones, Von Bucli was assured .that the formerly 
great and flourishing St. Catalina Jay buried under 
hills 400 feet in height; and he observes that the 
most elevated cone of the series rose 600 feet above 
its base, and 1378 feet above the sea, and that several 
others were nearly as high. The new vents were all 
arranged in about two geographical miles 

long, and in a direction nearly east and west. If we 
admit the probability of Von Buch's conjecture, that 
the^ vents opeiTed along the line of a cleft, it seems 
necessary to suppose tliat this subterranean fissure 
was only prolonged Upwards to the surface by degrees, 
and that the rent was narrow at first, as is usually the 
case with fissures caused by earthquakes. Lava and 
elastic fluids might escape frofti some point on the rent 
wdierc there was least resistance, till, the first aperture 
becoming obstructed by ejections and the consolidation 
of lava, other orifices burst open in succession, along 
the line of the original fissure. Von Buqh found that 
each crater was lowest on that side on which lava had 
issued; but some craters were not breached, and were 
without ai>y lava-strean^s. In one of these were open 
auf Uiires, out of which hot vapours rose, which in 1815 
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raised the Ihermomcter to 14^5° Fahrenheit, ^nd was 
probably at Ahe boiling point lower down. The ex- 
lialations seemed to consist of aqueous vapour; yet 
they could not be pure steam, for the crevices were 
encrusted on either sfde by siliceous sinter (an opal- , 
like hydrate of silica %of a white colour), which ex- 
tended almost *10 the middle. This imfiortant fact 
attests the length lof time during which lihemical pro- 
cesses continue after eruptions, and how open fissures 
may be filled up laterally by Ihineral matter, sublimeuT 
from volcanic exhalations. The lavas of this eruption 
covered nearly a third of the whole island, often form- 
ing on slightly inclined planes great horizontal sheets 
several square leagues in area, resembling very much 
the basaltic plateaus of Auvergne. 

Pretended distincliori between ancient and modem 
larm * — One of the new lavas was observed to contain 
masses of olivine of an olive-green colour, resembling 
those which occur in one of the lavas of the Vivarais. 
Von Buch supposes the great crystals of olivinp to 
have been derived from a previously existing basalt 
melted up by the new volcanos; but he gives no suf- 
ficient data to bear out such a conjecture. The 
older rocks of the island consist, in a great measure, 
of that kind of basaltic lava called dolerhe, sometimes 
columnar, and partly of common ba^lt and amygdaloid. 
Some recent lavas assumed, on entering the sea, a 
prismatic form, and so much resembled the old#r lavas 
of the Canaries, *that the only geological distinction 
which Von Buch appears to have been able to draw 
between .them was, that they did not alternate with 
conglomerates, like the ancient basalts. Some modem 
writers have endeavoured to discover, in the abundance 
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of these ^conglomerates, & proof of the dissemilarity of 
the volcanic action in ancient and mocbrn times ; 
but this character is more prol^ably attributable to the 
difference between submarine operations and those on 
the land. All the blocks and 'imperfectly rounded 
fragments of lava, transported, during the intervals of 
eruption, by^ rivers and torrents, mW the adjoining 
sea, or torn by the continued action of the waves 
from cliffs which are undertnined, must accumulate in 
s'tratified breccias and cdhglomerates, and be covered 
again and again by other lavas. This is now taking 
place on the shores of Sicily, betvvi&en Catania and 
Trezza, where the sea breaks down and covers the 
shore with blocks and pebbles of the modern lavas of 
Etna ; and on parts of the coast of Ischia, where 
numerous currents of trachyte are in like manner 
undermined in lofty precipices. So often then as an 
island is raised in a volcanic archipelago by earth- 
quakes from the deep, the fundamental and (relatively 
td all above) the oldest lavas will often be distinguish- 
able from those formed by subsequent eruptions on 
dry land, by their alternation with beds of sandstone 
and fragmentary rocks. 

The supposed want of identity then between the 
volcanic phenomena of different epochs resolves itself 
into the marked difference between the operations 
simultaneously in progress, above and below the 
waters. Such, indeed, is the source, as was before 
stated in the First Book (Chap. V,),‘'of many of oUr 
strongest theoretical prejudices in geology. No soonei 
do we study and endeavour to explain submarine ap- 
pearances, than we feel, to use a common expression, 
out of our element; andf unwilling to concede that our 
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extreme igpofance of processes now continually going 
on can be yie cause of our perplexity, we taVe refuge 
in a ‘‘ pre-existent order of nature.” 

Recent formation of oolitic travertin in Lancerote, — 
Throughout a considerable part, of Lancerotc, the old 
lavas are covered by ^ thin stratum of limestone, from 
an inch to two fcSt in thickness. It is of a hard sta- 
lactitic nature, sometimes oolitic, like 4;he Jura lime- 
stone,, and contains fragrnijents of lava and terrestrial 
shells, fliiefly helices and spiral bulimi. Von Buoii 
imagines, that this remarkable superstratum has been 
produced by tho furious north-west storms, which in 
winter drive the spray of the sea in clouds over the 
whole island ; from whence calcareous particles may 
be deposited stalactitically. If this explanation be 
correct, and it seems highly probable, the fact is inter- 
esting, as attesting the quantity of matter held in solu- 
tion by the sea-water, and ready to precipitate itself 
in the form of solid rock. At the bottom of such a 
sea, impregnated, as in the neighbourhood of all active 
volcanos, with mineral matter in solution, lavas must 
be converted into calcareous amygdaloids, a form in 
which the igneous rocks so frequently appear in the 
older European formations. I may mention that recent 
crevices in the rocks of Trezza, one ofw the Cyclopian 
isles at the foot of Etna, are filled with a kind of tra- 
vertin, as high as the spray of the sea reaches ; and 
included in this hard veinstone 1 have seen fragments, 
and even entire^pecimens, of recent shells thrown up 
by the waves. 

Recent eruption in Lancerotc, — From the year 1736 
to 1815, when Von Buch visited Lancerote, there had 
been no eruption; but, in August, 1824<, a crater 
K 3 
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opened near the port of Rcscif, and ibrjned, by its 
ejection^J in the space of twenty-four hours, a consi- 
derable hill. Violent earthquakes precedea and accom- 
panied this eruption.* *■ '■ 

SuJlmiarlne volcanos. — Although we have every 
• reasoo to believe th"at volcanic eruptions as well as 
earthquakes, are common in the bed of, the sea, it was 
not to be expected that many opportunities would 
occur to scientific observers of witnessing the phe- 
nomena. ■ The crews of’ vessels have sometimes 
reported that they have seen in different places sul- 
phureous smoke, flame, jets of water, and steam, rising 
up from the sea, or they have observed the waters 
greatly discoloured, and in a state of violent agitation 
as if boiling. New shoals have also been encountered, 
or^a reef of rocks just emerging above the surface, 
where previously there was always supposed to have 
been deep watdr. On some few occasions the gradual 
formation of an island by a submarine eruption has 
been observed, as that of Sabrina, in the year 1811, 
off St. Michael’s," in the Azores. The throwing up of 
ashes in that case, and the formation of a cone about 
three hundred feet in height, with a crater in the 
centre, closely resembled the phenomena usually ac- 
companying a jolcanic eruption on land. Sabrina was 
soon washed away bv Jhe waf es. Previous eruptions 
in the same part of the sea were recorded to have 
happened in 1691 and 1720. The rise of Nyde, also, 
a smairisland off the coast of Iceland, in 1783, has 

* Feru$sac, Bulletin des Sci. Nat., tome v. p. 45. 1825. 

The volcano was still burning when the account here cited was 
written. 
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already be^n alluded to, and another volcanic isle 
was produced by an eruption near Reikiavig, on the 
same coast, in June, 1830-* 

Graham IslaHd\^ lS3l! — We have still more recent 
and minute information respecting the appearance, in 
1831, of anew volcanic island m the Mediterranean,* 
between the S. W. coast of Sicily and that projecting 
part of the Afrjcan coast where anyient Carthage 
stood. The site of the isjand was not any part of the 
great sivoal, or bank, called “ Ncrita/’ as was firJit 
asserted, but a spot where Captain W. II. Smyth had 
found, in his survey a few years before, a depth of 
more than one hundred fathoms’ water. J 

The position of tlic island (lat. 37° 8' 30'^ N., long. 
12° 42' \h" E.) was about thirty miles S.W. of Sci- 
acca in Sicily, and thirty-three miles N.E. of Pantel- 
laria.§ On the 28th of June, about a ibrtnight before 
the eruption was visible, Sir Pulteifey Malcolm, in 
passing over the spot in his ship, ft;lt the shocks of an 
earthquake, as if he had struck on a sand-bank-; and 
the same shocks were felt on the wekt coast of Sicily, 
in a direction from S.W. to N.E. About the lOth of 
July, John Corrao, the captain of a Sicilian vessel, 


* Journ. de G«5ol., tonic i. 

+ In a former edition, \ selected* the name of Sciacca out of 
seven which had been proposed ; but Aict Royal and Geographical 
Societies have now adopted Graliam Island; a name given by 
Captain Senhouse, R. N., the Hrstwho succeeded in la|j^ling on it. 
The seven rival naihes are, Nerita, Ferdiuanda, Ilotham, Graham, 
Corrao, Sciacca, Julia, As the isle was visnble for only about 
three months, this is an instance of a wanton multiplication of 
synonynffs which has scarcely ever been outdone even in tlic annals 
of zoology and botany. 

^ Phil. Trans. 1832, p. 255. • 

^ Journ. of Roy. Geograph. Soc. 1830' 31. 

K 4 
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reported that) as he pafised near the piacp, he saw a 
column *of water like a water>spout, six^y feet high, 
and eight hundred yards in circumference) rising from 
tlie sea, and soon afterwards’ a dense steam in its 
place, which ascended to the* height of 1800 feet. 
The same Corrao, ondiis return from Gergcnti, on the 
18th of July, found a small island,* twelve feet high, 
with a crater in its centre, ejecting volcanic matter, 
and immense columns of vapour; the sea around 
being covered with floating cinders and dead fish. 
The scoriai were of a chocolate colour, and the water 
which boiled in the circular basin w;is of a dingy red. 
The eruption continued with great violence to the end 
of the same month ; at which time the island was 
visited by several persons, and, among others, by 
Captain Swinburne, R. N., and M. Hoffmann, the 
Prussian geologist. It was then from fifty to ninety 
feet in height, and three quarters of a mile in circum- 
ference. By the ‘kh of August it became, according 

Fig. 22. 



Form of tkt' cliffk (\f Graham Island, as sent fmm S S JS., distant me wife, 
^ 1th Auj{U8f, IS..1 • 

f- 

to some accounts^ above 200 feet high, and three miles 
in circumference ; after which it began to diminish in 
size by the action of the waves, and was orJy two 

* Phil. Trans., part ii., 1^32, reduced from drawings by Cap- 
tain Wodeliouse, 11, N. 
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miles round on the 25th of .^igust ; and on |he 3d of 
September, #irhen it was carefully examined by Captain 
Wodehouse, only three-fhlhs of a mile in circum- 
ference, its greatest height being then 107 feet. At 
this time the crater *was aboufr 780 feet in circum- 
ference. On the 29th of September, when it w^as 
visited by Mohs. *C. Prevost, its circumference was 
reduced to about«seven hundred yards.* It was com- 



posed entirely of incoherent ejected matter, scoriae, 
pumice, lapilli, and cinders, fprming fegular strata, 
some of which are described as hiding been parallel to 
the steep inward slope of the crater, while the rest 
were inclined outwards, like those of Vesuvius. In 
tlie annexed sketch, however (fig. 24.), drawn by M. 
Joinville, who accompanied M. C. Prevost, all the 
beds ar# represented as sloping towards the axis of 
the crater ; and, if the view be correct, we must sup- 
pose that the last remnant only of the cone was then 
preserved, namely, that central part where the beds 
K 5 
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have all an inward dip.*^ When the arrangement of the 

F%*. 24 . 



continually on two steep slopes, that of the external 
cone and that 6f the crater, which is always a hollow 
inverted cone, a transverse section would probably 
resemble that given in the annexed figure (25.) But 



when I visited Vesuvius, in 1828, I saw no beds of 
scoriae inclined towaj^ds the axis of the cone (see 
fig. 20. p. 1 39.) Such may have existed; but the explo> 
sions, or subsidences, or whatever causes produced the 
great crater of 1822, had possibly de^istroyed them. 

Few of the pieces of stone thrown out from Graham 
Island exceeded a foot in diameter. Some fragments 
dolomitic limestone were intermixed; but these 
irere the only non-voloanic substances. During the 

^ See memoir by M. C. Provost, Ann. des Sci. Nat., tom.x*]civ. 
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month of August, there occurred on the S. W. side 
of the island a violent ebullition and agitation 
of the sea, accompanied by the constant ascension 
of a column of dense white steam, indicating the 
existence of a second vent at no great depth front 
tlie surface. Toward# the close of October, no ves- 
tige of the crafccr femained, and the island was nearly 
levelled with the surface of the ocaan, with the 
exception, at one point, of.,a small monticule of sand 
and semae. It was reported that, at the com* 
mencement of the year following (1832), there was 
a depth of 150* feet where the island had been : 
but this account was quite erroneous; for in the 
early part of that year Captain Swinburne found a 
shoal and discoloured water there, and towards the 
end of 1833 a dangerous reef existed, of an oval 
figure, about three fifths of a mile in extent. In the 
centre was a black rock, of the diameter of about 
twenty-six fathoms, from nine to eleven feet under 
water; and round this rock arc banks of black volcanic 
stones and loose sand. At the distance of sixty fathoms 
from this central mass, the depth increased rapidly. 
There was also a second shoal at the distance of 4o() 
feet S.W. of tlie great reef, with fifteen feet water 
over it, also composed of rock surrounded by deep sea. 
We can scarcely doubt that tha r^ock in the middle of^ 
the larger reef is solid lava w’hich rose up in the prin- 
cipal crater, and that the second shoal mark^ the site 
of the submarine eruption observed in August, 1831, 
to the S.W. of the island. 

Froiy the whole of the facts above detailed, it ap- 
pears that a hill eight hundred feet or more in height 
was formed by a submarine volcanic vent, of which the 
upj)er part (only about two hundred feet high) emerged . 

K 6 
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above the waters, so as ,to form an island. ^ This cone 
must haVe been equal in size to one of tl^e largest of 
the lateral volcanos on the Hanks of Etna, and about 
half the height of the mountain Jorullo in Mexico, 
which was formed in the course of nine months, in 
• 1759. In the centre^ of the new^ volcano a large cavity 
was kept open by gaseous discharges, which threw out 
sccSriac; and fluid lava probably rose, up in this cavity. 
It is not uncommon for sma^l subsidiary craters to open 
near the ^sunimit of a cone, and one of these iftay have 
been formed in the case of Graham Island; a vent, 
perhaps, connected with the main channel of discharge 
wh^ch gave passage in that direction to clastic fluids, 
scoriae, and melted lava. It docs not appear that, 
either from this duct, or from the principal vent, there 
was any overflowing of lava ; but melted rock may 
have flowed frorti tlie flanks or base of the cone (a 
common occurrence dn land), and may have spread in 
a broad sheet over tlie bottom of the sea. 


Fig. 26 . 



The doited lines in the annexed figure are an imagi- 
nary restoration of the upper , part of the cone, now 
removed by the waves : the strong lines represent the 
part of the volcano which is still under water. In the 
centre is a great colump, or dike, of solid lava, two 
hundred feet in diameter, supposed to fill the space by 
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which the g|iseous fluids rose ;«and on each side of the 
dike is a stn|jtified mass of scoriae and fragmentary lava- 

The solid nucleus of the reef where the black rock is 

• 

now found withstands the movements of the sea; 
while the surrounding loose tuffis are cut away to a 
somewhat lower level.. In this manner the lava, which 
was the lowest* pa1*t of the island, or to speak 
correctly, which scarcely ever rose above the level of 
the sea when the island c\;sted, has now become the 
highest^^int in the reef. » 

No appearances observed, either during the eruption 
or since the island disappeared, give the least support 
to the opinion promulgated by some writers, that part 
of the ancient bed of the sea had been lifted up bodily. 
The solid products, says Dr. John Davy, whether 
they consisted of sand, light cinders, or vesicular lava, 
differed more in form than in composition. The lava 
contained augite ; and the specific’gravfty was 2*07 and 
2*70. When the light spongy cinder, which floated on 
the sea, was reduced to fine powder by trituration, and 
the greater part of the entangled air got rid of, it was 
found to be of the specific gravity 2*64 ; and that of 
some of the sand which fell in the eruption was 2*75*; 
so that the materials equalled ordinary granites in 
weight and solidity. The only gas e'*olvcd in any 
considerable quantity was carboi^i^ acid.f 

Theory of Elevation Craters. — Before quitting the 
subject of submarine volcanos, it will be necq^sary to 

f 

* Phil. Trans. 18 S 2 , p. 243. t Ikid. 249. 

I The view which I now give of the theory of elevation craters 
is the satSc which I published in the first edition, printed in 1829, 
after I had examined Vesuvius and Etna, and compared them with 
the Mont Dor and the Flomb du Cahtal. But 1 have now incor- 
porated with the illustrations and arguments then advanced, some 
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say something of an opinion which has bfjcn promul- 
gated by Leopold Von Buch, respecting ^hat he has 
termed Erhebungs crater (Cratdres de Soulfevement). 
He has attempted to explain,' by a novel hypothesis, 
the origin of certain, large cavities, and the peculiar 
disposition of the masses of \olcanic matter which 
surround them. We shall first corisider the island of 
Sahtorin in tlvi Grecian archipelago, — one of the ex- 
amples of this mode of formation instanced by Von 
tBuch. * 

The three islands of Santorin, Therasia, and Aspro- 
nisi surround an almost circular gulf of about two 
leagues in diameter from south to north, and a league 
and a half from east to west. The island of Santorin 
itself forms more than two thirds of the circuit, and is 
composed entirely of volcanic matter, with the excep- 
tion of its southern part, which rises to three times the 
height of the igneous rocks in the island, and is formed 
of granular ]imest6ne and argillaceous schist.*' This 
mountainous part is the original and fundamental nu- 
cleus of the isle ; *and, according to M. Bory de St. Vin- 
cent, its strata have the same direction as those of the 
other isles of the Grecian archipelago, from N.N.W. 


information derived front the subsequent observations of M. Vir- 
let and others. Neither that gentleman, in his memoir cited 
below, no||^ M. IToOrnann, in his letter on the subject addressed to 
the Geological Society of France, nor M. Obrdier, in his paper 
on the Cantal, have referred to my previous sketch of the contro- 
versy, and vtite, probably, not aware of what Mr. Scrope and 
myself had written on the subject; but it is satisfa<5tory and 
imptprtant to observe, that they have followed the saxne line of 
aj^ument and illustration. * 

* Virlet. Bull, de Soc. Geol. de France, tom. iii. p. 103. 
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to S.S.E. ^Th*eir inclination *and fractures have no 
relation to t|je position of the newer volcanic Jocks, of 

Fi>. 27. 



J<Uine^ }RLaitu'iii 

m MM . 

Chart and section oj Santorhti, anti the conti^^uoas island^ in the Greemu 
A^chipefoi^o , » 

• J . 

which the remainder of the group of islands is exclu- 
sively composed. The volcanic mass, which must be 
considered as quke an independent formation, consists 
of alternating beds of trachytic lava, tuff, and conglo- 
merate, which dip on every side from th% centre of 
the gulf to the circumference- Towards the gulf they 
present uniformly a high an4 steep escarpment, the 
precipices in Santorin rising to the height of more than 
eight hundred feet, and plunging at once into a sea 
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from eight hundred to e thousand feet deqp. Each of 
the islands is capped by an enormous mj^ss of white 
tufaceous conglomerate, from forty to fifty feet in thick- 
ness; which is not pumice, as has often been stated. 
The beds of lava and tuff, abov^ mentioned, are accu- 
mulated in great numbers one^^upon another, and of 
unequal thickness : although disposed with great regu- 
larity, when viewed as a whole, they are found to be 
discontinuous, as in Vesuvius, when any particular mass 
^’s tracM to some distance. 

Before discussing the merits of the theory proposed 
to account for the structure of this volcanic group, it 
will be desirable to give a brief sketch of its history, so 
far as it is known. Pliny relates that the separation 
of Therasia from Thera, or Santorin, took place after a 
violent earthquake, in the year 233 before the Christian 
era. From his work, and other authorities, we also 
learn that the year 196 b.c. gave birth, in the middle of 
the gulf, to Hiera, Or the Sacred Isle, still called Hiera- 
Nisos, or sometimes Palaia Kameni (Old Burnt Island). 
There seems to have been no eruption then, but simply 
an upheaving of solid lava. In the year 19 of our era, 
Thia (the Divine) madS& Its appearance above the sur- 
face of the waters. This small island has no longer a 
separate existence, having been joined to Hiera, from 
which it was only 250 paces distant : Hiera itself in- 
creased in size in 726 and in 1427’. In 1573, the small 
island of Micra-Kameni appeared, a small cone and 
crater, one hundred feet high, raised by successive 
ejections. 

On the 2l^th of September, 1650, there was an erup- 
ti^tl^fie or four miles north of Santorin, altogether 
plPIde of the gulf, immediately afler violent earth- 
quakes. It gave rise to no new islet, but greatly 
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elevated th^ bottom of the sea on the spot. The 
eruption lasted three months : many houses Sn San- 
torin were destroyed ; and the vapours of sulphur and 
hydrogen killed more than fifty persons, and more than 
one thousand domesticated anima^. A wave feet 
Iiigh broke upon the i;ocks of thh Isle of Nio, about 
four leagues distant, and advanced 350^yards into the 
interior of the islai^d of Sikino, which is ^even leagues 
off. The sea also broke upgn Santorin, overthrew two 
churched and exposed to view a village on each side , 
of the mountain of 8t. Stephen, both of which must 
have been overwhelmed by showers of volcanic matter 
during some former eruption.* 

Lastly, in 1707 and 1709, Nca Kameni was pro- 
duced l)etwecn Palaia and Micra (old and lesser) Ka- 
menis. This isle was composed originally of two dis- 
tinct parts, the first which rose was called the White 
Island — a mass of pumice, extremely |Jorous. Goree 
the Jesuit, who was then in Santefrin, says that the 
rock ‘‘cut like bread,” and that, when the inhabitants 
landed on it, they found a multitude of full-grhwn 
fresh oysters adhering to it, which they eat.f This 
island was afterwards covered^ ^ in great part, by the 
matter ejected from the crater of the second island, 
produced at the same time, called “ Black Island,” be- 
ing composed partly of b^own trachyte. This volcano, 
now named Nea (or New) Kamenil continued in erup- 
tion, at intervals, during 1711 and 1712, and formed a 
cone 330 feet alR)ve the level of the sea: tffere are 
now, therefore, two channels of direct communication 

t 

* Virlet, Bull, de la Soc. Gwl. de France, tom. iii. p. 103. 

t Phil, Trans., No. 332. • 
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between the atmosphere and volcanic ToqJ beneath the 
group bf Santorin ; namely, the crateral of New and 
Little Kameni. 

A curious fact is mentioned by M. Virlet, respecting 
the supposed slow ^pd progressive rise of a solid ridge 
at the bottom of tne sea. ^''^enty years ago there 
was a depth of fifteen fathom watt?f between the lesser 
Kameni and.tfic port of Phira in Santorin. In 1830, 
when MM. Virlet and ^ry visited the spot, there 
, was only a depth of between three and foul fathoms ; 
and tiiey found that the bottom consisted of a hard 
rock, probably trachyte, measuring about eight hun- 
dred yards from E. to W. and five hundred only from 
N. to S. Beyond this the sea deepens rapidly on all 
sides. From these facts, and from information obtained 
on the spot, M. Virlet infers that the bed pf the sea is 
rising gradually, and that, in all probability, a new 
island may onb day appear without commotion above 
the surface. He ‘suggests that the solid crust of rock 
now slowly rising may resemble a cork carried up by 
the* fermentation of the liquor on which it floats.* 
After the explanation which I before offered f of 
the mode in which the semicircular escarpment of 
Somma must have originated, it is almost needless to 
say that 1 regard the three islands which encircle the 
gulf of Santorin as jiothing \nore than the ruins of a 
great volcanic conei the summJrof which, like that of 
tlie ancient Vesuvius, has been destroyed ; and as to 
the small volcanic islets thrown up since the historical 
era, in the centre of the gulf, they may be compared 

* 

* See M. Virlet’s Memoir, before cited, 
t Above, p, 1^. 
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to the modern dbrie, or ratlier qone^^ of Vesuvius. But 
Von Buch's l^po thesis suggests a very differerft origin 
for Santorin, and other islands and gulfs of a similar 
configuration. He supposes that the different masses 
of tuff, conglomerate, and whatever else may be associ- 
ated, were first horizontally dispoSt3d along the floor of 
the ocean. An expansive force from below then burst 
an opening through them, and, acting Irom a central 
point, raised symmetrically on every side whatever 
resistcd*Hs action ; so that the uplifted strata were ^ 
made to dip on all sides from the centre, as is usual in 
volcanic cones; ^hile a deep hollow was left in the 
middle, resembling in all essential particulars an ordi- 
nary volcanic crater. 

It was never pretended that this theory was founded 
on the actual observation, in any part of the globe, of 
analogous effects produced by the elevating force of 
earthquakes, or the escape of elastic fluids; for the 
inflation, from below, of the rocks in the plain of Mal- 
pais, during the eruption of Jorullo, was, as before 
stated, an hypothesis proposed, long after that crupCion, 
to account for appearances which admit of a different 
explanation. Besides, in that case, there was no great 
hollow formed in the centre of the whole mass of 
lava, although there is an eruption-crate^; on the sum- 
mit of Jorullo itself. * * 

It is naturally objected by M. Virlet, that if a mass 
like Santorin, which, including its submarine founda- 
tions, must be fiftim 1700 to 2000 feet in thickness, 
was suddenly and violently heaved up from a horizontal 
position, we might expect to And the rocks furrowed 
every wJiere with rents which would diverge from the 
principal centre of movement Jto the circumference of 
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the circular area. But these rents arh \^anting, as are 
all sighs of the shattering and dislocatioTi of the mass. 
At the same time he adduqes a fact which must surely 
prove conclusive against' the notion of the island’s 
having been formepl in any other mode than that by 
which an ordinary tone is accymulated. In examining 
the various currents of lava (the existence of which 
was unknowp to Von Buch, who luad not visited San- 
torin), it was found that ^the vesicles, or pores which 
abound in them, are lengthened in the se^^ral direc- 
tions in which they would naturally be drawn out, if 
the melted matter had flowed towards different points 
of the compass from the summit of a conical mountain, 
of which the present islands were the base. The force 
of this argument will be appreciated by those who are 
aware that bubbles of conflned gas in a fluid in motion 
assume an oval form, and that the direction of the 
longer axis coincides always with that of the stream. 
It is also observed by M. Virlet, that the deep stratum 
of white tufaccous conglomerate by which all the 
islands are uniformly covered, may well be supposed 
to have resulted from heavy showers of ejected matter 
which fell during that paroxysmal explosion by which 
the great cone was originally blown up, truncated, and 
emptied in i^^ interior. 

The manner in whjch the External walls were sepa- 
rated into three distinct islands is easily conceived. 
The principal breaches are to the N. W., the quarter 
most exposed to the waves and currents. On this 
side, the earthquake of 233 b.c., mentioned by Pliny, 
may have caused a fifesure, which allowed the waves 
and currents to penetrate and sweep away the inco- 
herent tuffs and congfpmerates, just as they washed 
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away Grahaiy fsland; and if thene happened to be 
little or no l^a at certain points, the waves would in 
such places readily force a passage.* 

Isle of Palma> — Tlie next example which may 
claim our attention is •Palma, ope of the Canary 
Islands ; and, when coi^roverting Von Buch’s theore- 
tical opinions, wo must not forget how much geology 
is indebted to his , talents and zeal for, his faithful 
description of this interesting^group of islands. 

In the'**centre of Palma is an immense circular 
cavity, called the Caldera, which forms the hollow axis 
of the entire island. A lofty mountain ridge runs 



View qf the Isle of PalfHOf and i\f the Caldera in its ernfre. 


round this axis, and presents in all directions, to- 
wards the Caldera, a perpendicular precipice of no 
less than four thousand feet in lieSght : while on the 
outside the slope is gentle towards the sea. The 
middle of the Caldera is more than two thousand feet 
above the level of the ocean; the surrounding borders 
(or “cumbre,” as they are termed,) are of various 
heights, attaining at one point an elevation of 7234 
feet. The diameter of the Caldera is about six miles ; 


* Virlct, ibid. 
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and so steep are the ^cliffs by which^ it environed, 
that thWe is not a single pathway doi^n the rocks ; 
and the only entrance is by the ravine, or « baranco,” 
which runs from the great circus down to the sea, 
intersecting all the;rocks of w4nch the island is com- 
posed. In this section are cjxposed strata of tuff, 
alternating witli beds of basalt; ah d •below are con- 
glomerates, composed of fragments rf>f granite, quartz, 
syenite, and other hypojjyBne rocks, some of which 
appear in one place in situ. Volcanic dikesf or veins, 
cutting through all these formations, increase in num- 
ber as the traveller passes through the baranco, or 
gorge, and, receding farther from the sea, approaches 
nearer to the Caldera. The veins in the precipice on 
each side often cross one another, and at length form 
a perfect net-work. In the cliifs encircling the Cal- 
dera itself are various volcanic rocks, traversed by 
basaltic dikes, ‘most of which are perpendicular, and 
appear to hold together the more incoherent masses 
tlirough which they cut. The sloping sides of the 
island^ which has much the appearance of a flattened 
and hollow cone, are furrowed by numerous minor 
ravines, deepening as they approach the sea, in which 
beds of red and yellow scorim are exposed to view. 

From this ilescription I find it impossible to draw 
any other inference fhan that we have here the re- 
mains of a great volcanic mouiftain, formed by suc- 
cessive eruptions, the first of which burst through 
granitic rocks. A great cone having* in the course of 
ages, been built up, the higher parts of it were after- 
wards destroyed, and an immense hollow occasioned by 
gaseous explosions ; at the same time that a filing in, 
or engulphment, of large masses may have taken place. 
But, according to the theory of “ erhebungs crater,"' we 
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are called upon suppose, thait a series of horizontal 
beds of volcanic matter were first accumulated over 
each other, to the enormous depth of more than four 
thousand feet, — an hypothesis which alone implies the 
proximity of a vent, from which im,niense quantities of 
igneous rocks had proceeded: neit, that, after the 
aggregation of thea mass, the expansive force was 
directed on a givep point with such extraordinary 
energy, as to lift up bodily the whole mass, so that it. 
should flSt in some parts to the height of seven , 
thousand feet above the sea, leaving a great gulf or 
cavity in the middle. Yet, notwithstanding this pro- 
digious effort of gaseous explosions, concentrated on 
so small a point, the beds, instead of being shattered, 
contorted, and thrown into the utmost disorder, have 
acquired that regular and symmetrical arraTigement 
which characterize the fianks of a large cone of erup- 
tion like Etna ! It will readily be admitted, that 
earthquakes, ivhen they act on e3?tensive tracts of 
country, may elevate and depress them without de- 
ranging considerably the rcl^itive position of hills, val- 
leys, and ravines. But if the aeriform fluids should 
break through a mere point, as it were, of the earth's 
crust, and that, too, where the beds were not com- 
posed of soft yielding clay, or incoherent sand, but 
in great part of solid trdchyte ^d basalt, thousands 
of feet thick, is it possible to conceive that such 
masses of rock could be heaved up, so as to attain the 
height of seven tlmusand feet, or more, without being 
thrown into a vertical, and often into a reversed posi- 
tion? Would they not be fissAred and fractured in 
every direction, and, instead of forming a mountain of 
regular form and structure, would they not be reduced 
to a mere confused and chaotic heap? 
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The dimensions pf tl^e Gulf of Santbrin, or the Cal- 
dera of che Isle of Palma, are not greater than we may 
suppose to result from the .truncation and evacua- 
tion of ordinary volcanic cones. We shall afterwards 
see that Papandayang, formerly one of the lofricst 
volcanos in Java, lost, in 177% about four thousand 
feet of its former height.* During ,an eruption in 
1444!, accompanied by a tremendous earthquake, the 
summit of Etna was destroyed, and an enormous 
, crater was left, from which lava flowed. The' segment 
of that crater may still be seen near the Casa Inglese, 
and, when complete, it must have .measured several 
miles in diameter. The cone was afterwards re- 
paired ; but this might not so ^ily have happened, 
had the summit of Etna, like Stromboli or Santorin, 
been placed in a deep sea ; for in that case the vent 
might have become choked up with strata of sand and 
conglomerate, swept in by waves and currents ; and 
these obstructions, by augmenting the repressive force, 
would have increased the violence of subsequent ex- 
plosions. There is, unqu^iitionably, a much greater 
probability when the volcanic vent communicates with 
the atmosphere that a channel will be kept open by 
elastic fluids, whereby currents of lava may escape 
without resi^y(ance, and without causing any violent 
commotion. Let us Oppose the large Etnean crater 
of 1444 to have been choked up> and again truncated 
down to the upper margin of the woody region ; a 
circular^ basin would thus have bee^f formed, thirty 
Italian miles id circumference, exceeding by five or 
six miles the circuit bf the Gulf of Santorin. Yet 
we know, by numerous sections, that the strata of 
* < 

* xvl. 
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trachyte, basalt, and trachytic bfeccia, would, in that 
part of thd great cone of Etna, dip on alP sides off 
from the centre, at a gentle angle, to every point of 
the compass, except where irregularities weie occa- 
sioned, at certain points, by the occurrence of the 
small buried cones before mentioned, li* this gulf 
were, then, again ^choked up, and the vent obstructed, 
so that new explosions of great violence should trun- 
cate the cone once more down to the inferior border 
of the^brest zone of Etna^ the circumference of the 
gulf would be fifty Italian miles.* Yet even then the 
ruins of the cone of Etna might form a circular island, 
entirely composed of volcanic rocks, sloping gently 
outwards on all sid^, at a very slight angle ; and this 
island might be between seventy and eighty English 
miles in its exterior circuit, rivalling Palma in fertility; 
while the circular bay within might be between forty 
and fifty miles round. • 

If a difference in size alone were a sufficient reason 
for seeking a difference in origin, we should then be 
called upon to refer the innermost cone of Vesuvius, 
thrown up in 1828, to a mode of action distinct from 
that by which the larger cone of the year 79 was 
formed ; and the shape and structure of this, again,; 
might be attributed to a series of operations distinct 
from those to which the outermost cone and escarp- 
ment of Somma werp due. It iS extraordinary that, 
after the identity of the form and structure of Vesu- 
vius and Somma Jiad been so clearly demonsfrated by 
M. Neckerf , one of these cones should actually have 

* For the messurs^enta of difiereAt parts of the cone of Etnei, 
see Trattato dsi Bdeehi del^ Etna, Scuderi, Acti dell* Acad. Gion. 
de Catan., vol. i, 

t M4moire sur le Mpnt Somma, de la Soc. de Pfays, et 

d'Hist. Nat< de G4n^ve, tom. ii. i. p* 153* 

VoL. II. L 
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been considered by some of Ibe follower;., of Von Buch 
as an dihebungs crater/* and the other as a cone of 
eruption. (See fig. 20. p. 139.) ‘ 

Great Canaty. — The form 'of the Great Canary is 
very analogous to th^t of Pahna^ there being here also 
a caldera and a principal raving leading out of it, on 
tlie south side. The rocks are conglomerate, 
basalt, and trachyte. In some of the borders of the 
island are marls and conglomerates containing recent 
marine shells, from three to four hundred’ fe^H above 
the level of the sea, and presenting an appearance, 
says Von Buch, as if the level of the ocean had sub- 
sided at successive periods. These are doubtless the 
effects of ekmtion, and at the l^ase of Etna marine 
strata are in like manner discoverable; but their occur- 
rence does not prove an upheaving of that kind, from 
which cones and craters would result. 

Teneriffe, — The Peak of TenerifFe rises out of a 
valley surrounded by precipitous cliffs, which vary in 
height from 1000 to 1800 feet, and which are given as 
an e^cemplification of the ** Erhebungs crater.” The 
Peak stands, says Von Buch, like a tower encircled by 
its fosse and^biftstion. The volcanic rocks resemble, in 
general, those found in the other Canary Islands. 

Barren Island . — Barren Island, in the Bay of Ben- 
gal, is also proposed <as a striking illustration of the 
erhebungs crater; and here, it is said, we have the 
advantage of being able to contrast the ancient crater 
of elevation with a cone and crater of eruption in its 
centre. When seen from the ocean, this island pre- 
sents, on almost all i^des, a surface of bare rocks, 
rising, with a moderate acclivity, towards the hiterior ; 
h^l^tone point there is a cleft, by which we can 
etmte into the centre, and there discover that it is 
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occupied by a^reat circular b&sii)^ filled by the waters 
• ’ Fig. 201 



Cone and,Crater qf Barren Island, in the Bay qf Bengal. 


of the ,sea, and bordered all around by steep rocks, 
in the midst of which rises a volcanic cone, very 
frequently in eruption. The summit of this cone is 
1690 French feet in height, corresponding to that of 
the circular border which incloses the basin ; so that 
it can be seen from the sea only through the ravine, 
which precisely resembles the d^ep gorge of the 
cjddera of the Isle of Palma, and of which an equi- 
valent, more or less decided in its characters, is .^aid 
to occur in all elevation craters. It is most probable 
that the exterior inclosure of Barren Island, c, 
(Fig. 30.) is nothing more than the remains of a trun- 
cated cone, c, a, 6, d, a great portion of which has been 
carried away, partly by ^he action of the waves, and 
partly by explosions which preceded the formation of 
the new interior cone,^ e, g. 

Fig. so. 
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Had there been at^y foundation for thee theory, that 
violent Explosions of gas could exert the power of 
raising* up horizontal strata symmetrically Vound a cen- 
tral cavity, numerous cxara]>les would, ere this, have 
been adduced of strata o^Aer thtm volcanic elevated in 
this way round some active volcano. But where do we 
find an instance of inner craters likerthgse of Vesuvius, 
Santorin, Barren Island, and others, encircled by pre- 
cipices of rocks exclusively of lacustrine or marine 
origin, and in which the strata have the quaqaii-versal 
dip, characteristic of all cones of eruption ? If such 
could be pointed out, we might undoubtedly be forced 
to concede, that the cone and crater-like configuration 
may be the result of two distinct modes of formation. 
It is not pretended that, on the whole face of the globe, 
a single example of this kind can be pointed out. Are 
we then called upon to believe that, whenever clastic 
fluids generated in the subterranean regions burst 
through horizontahstrata, so as to upheave them in the 
peculiar manner before adverted to, they always select, 
afe if from choice, those spots of comparatively insig- 
nificant area where a certain quantity of volcanic 
matter happens to lie; while they carefully avoid 
purely lacustrine and marine strata, although they 
often lie immediately contiguous? Why, on the 
southern borders of the Limngne d 'Auvergne, where 
several eruptions bdrst through, «and elevated the hori- 
zontal marls and limestones, did these fresh-water 
beds nef^er acquire, in any instance, a conical and cra- 
teriibrm disposition ? We have no hesitation, tliere- 
fore, in adhering to thib opinion, that all tlie cavities 
called elevation craters by Von Buch, ard* simply 
craters of paroxysmal ^explosion, as they have been 
yery properly termed by Mr, Scrope, This class of 
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craters, or cu|/-shaped hollow|, h^ve not merely been 
formed where the earth's crust happened to Tjc com- 
posed of vcAcanic matter ; but repeated explosions of 
elastic fluids have sometihies burst through rents in 
other rocks, and have shattered tliem for a certain 
simce, and blown theii| contents mto the air. Thus in 
the volcanic region of the Eifel, explosions, sometimes 
unaccompanied by the emission of lava, have exca- 
vated craters in strata of sandstone and shale; but 
they hhve not raised the strata all round the central^ 
cavity. The distinctness of these phenomena from 
those appealed to in corroboration of the “erhebungs. 
crater”- will be pointed out in the fourth book. 

An attempt has been made to adduce the ancient 
volcanos of Central France, the Mont Dor, and the 
Plomb du Cantal, conical mountains without craters^ or 
any central cavities, as illustrations of the Erhebungs 
crater but how little their form and structure confirm 
this theory will be seen when they are described,* 
The marine shelly deposits, interstratified with basalt, 
through which the great cone of Etna rises, are* also 
said to have constituted an ancient crater of elevation ; 
but in my account of the geology of Sicily, it will ap- 
pear that the strata in question do not dip so as to 
countenance such an hypothesis. Nor will it be difficult 
to show, when treating "of “VaHeys of Elevation,” as 
they have been termed, that nd confirmation of the 
views of Von Buch can be derived from the analogy 
of their configuration.f • 

Origin of the deep lateral gorge in Elevation Crates . — 
In regard, to the deep channel|>f communication which 
appear^ always to connect the central cavity of the 
so called “ Elevation Crater^” with the sea, it may, 
* Book Iv. f Ibid. 
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perhaps, be ascribei iq some cases, t& the action of 
the tides' during the gradual and successive upheaving 
of a volcanic isle. But to this subject i shall more 
particularly advert when inqv^iring into the causes of 
the configuration of ooral islands. 

The mountains hi the moon liKive been pointed out, 
by M. £lic de Beaumont, as resevnbUng the caldera 
of the isle of, Palma, and other Erfiebungs crater*; 
but an astronomer of high authority has ventured 
ppon a very different speculation respecting these lunar 
mountains. ‘‘ The generality of them,” says Sir John 
Herschel, present a striking uniformity and singularity 
of aspect. They are wonderfully numerous, occupy- 
ing by far the larger portion of the surface, and almost 
universally of an exactly circular or cup-shaped form, 
foreshortened, however, into ellipses towards the limb ; 
but the larger have, for the most part, flat bottoms 
within, from which rises centrally a small, steep, conical 
hill. They offer, In short, in its highest perfection, 
the true volcanic character, as it may be seen in the 
crater of Vesuvids, and in a map of the volcanic dis- 
tricts of the Campi Phlegraei, or the Puy de Dome. 
And in some of the principal ones, decisive marks of 
vo^Hpaic stratification, arising from smeessive deposits 
of Reeled matter, may be clearly traced with powerful 
telescopes.” f | • 

M. Hoffmann set out on his travels through Italy 
and Sicily, in 1829, with a strong expectation of find- 
ing every where the clearest illustrations of the “ Erhe- 
bungs 'crater ; " but when he had explored the Lake 
Albano, near Rome, as^ell as Vesuvius, Etna, Strom- 


* Ann. dcs Sci. Ntt, Jan. 1831. 

+ Herschel, Treatise on Astronomy, p. 229. 



Ch. XJIL3 MIiIeRAL composition oi LAVAS. 


223 


boli, and the bther Lipari Islanc^s, he was compelled 
reluctantly to abandon the doctrine.* An Examina- 
tion of the b^me countries led M. C. Prevost, as it had 
done Mr. Scrope and rnys&lf> to similar conclusions. 

Mineral Composition of Vokqnic Prodiwts. — The 
mineral called felspac^ forms in general more than half 
of the mass c^f i^odern lavas. When it is in great 
excess, lavas are called trachy tic ; they consist gene- 
rally of a base of compact felspar in wtiich crystals of 
glassy* felspar are disseminated.f When augite ’(or 
pyroxene) predominates, lavas are termed basaltic. 
But others of an intermediate composition occur, which 
from ^their colour have been called gray -stones. The 
abundance of quartz, forming distinct crystals or con- 
cretions, characterizes the granitic and other ancient 
rocks, how generally considered by geologists as of 
igneous origin : whereas tliat mineral is rarely exhibited 
in a separate form in recent lavas, altlfough flint enters 
largely into their composition. Horablende, so common 
in hypogene rocks, or those commonly called pri- 
mary,” is rare in modern lava; nor dcres it enter Iwgely 
into rocks of any age in which augite abounds. It 
should, however, be stated, that the experiments of 
M. Gustavus Rose have made it very questioqjible, 
whether the minerals called hornblende and ahgite 
can be separated as distinct species, as their different 
varieties seem to pass into each other, whether we 
consider the characters derived from their angles of 
crystallization, their chemical compositionf or their 
specific gravity. The difference in form of the two 
substances may be explained|by the different circum- 
stancel^ under which they have been produced ; the 

* Bulletin dc la Soc.Geol. de> France, tom. iii. p. 170. 

t See Glossary. 
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22i? FREQUENCY OF VOLCANIC ERUPTIOVfS. [BAik It 

form of hornblende b^;jing the result of sbwer cooling. 
Crystals 6f augitc have been met with in the scoriae of 
furnaces, but never those of hornblende ; knd crystals 
of augite have been obtained \by melting hornblende 
in a platina crucible^ but hornblende itself has not 
, been formed artificialiy.*' Mica^ occurs plentifully in 
some recent trachytes, but is rarely j>resent where 
augitc is in excess. 

Frequeiicy of eruptions^ and nature of subterranean 
ipneom roo/«. — When wc speak of the igneous rocks 
of our own times, we mean that small portion whicl% 
in violent eruptions, is forced up by elastic fluids to 
the surface of the earth, — the sand, scoriae, and lava, 
which cool in the open air. But we cannot obtain ac- 
cess to that which is congealed far beneath the surface 
under great pressure equal to that of many hundred, 
or many thousand atmospheres. 

During the last century, about fifty eruptions are 
recorded of the five European volcanic districts, of 
Vesuvius, Etna, Volcano, Santorin, and Iceland ; but 
many beneath the sea in the Grecian Archipelago and 
near Iceland may doubtless have passed unnoticed. If 
some of them produced no lava, others, on the con. 
trary, like that of Skaptar Jokul in 1783, poured out 
melted matter for five or six years consecutively ; 
which cases, being reckoned as single eruptions, will 
compensate for those bf inferior strengtli. Now, if we 
consider the active volcanos of Europe to constitute 
about a fi^rtieth part of those already known on the 
globe, and calculate that, one with another, they are 
about equal in activity (o the burning mountains in 
otlier districts, we may then compute that thert; hap- 


Bulletin de la Soc.G^o]. de France, tpin. ii. p.906. 
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pen on the eafth about two t^ou^and eruptions in the 
course of a century, or about twenty every y8ar. 

However* inconsiderable, therefore, may be the su- 
perficial rocks which the (Operations of fire produce on 
the surface, we must suppose the subterranean changes 
now constantly in progress to be*on the grandest scale. 
The loftiest vglcivnic cones must be as insignificant, 
when contrasted to the products of fire in the nether 
regions, as are the deposits formed in shallow estuaries 
when compared to submarine formations accumulatfng^ 
in the abysses of the ocean. In regard to the cha- 
racters of these , volcanic rocks, formed in our own 
times 4n the bowels of the earth, whether in rents and 
caverns, or by the cooling of lakes of melted lava, we 
may safely infer that the rocks are heavier and less 
porous than ordinary lavas, and more crystalline, 
although composed of the same mineral ingredients. 
As tlie hardest crystals produced aitificially in the 
laboratory require the longest time*for their formation, 
so we must suppose that where the cooling down of 
melted matter takes place by insensible degrees, in 
the course of ages, a variety of minerals will be pro<- 
duced far harder than any formed by natural processes 
within the short period of human observation. 

These subterranean volcanic rocks, m^oreover, can- 
not be stratified in the* same manner as sedimentary 
deposits from water, .although it is evident that when 
great masses consolidate from a state of fusion, they 
may separate into natural divisions ; for this h seen to 
be the case in many lava currents. We may also 
expect that the rocks in questi|)n will often be rent by 
earthqd!akes, since these are common in volcanic re- 
gions ; and the fissures will ,be often injected with 
sirailkr matter, so. that dikes of crystallme rock will 

* L 5 
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traverse masses of i;)imilar composition. It is also 
clear, that no organic remains can be included in such 
masses, as also that these deep-seated ig^ieous form- 
ations considered in mass m\i^ underlie all the strata 
containing organic remains, because the heat proceeds 
from below upwards,*' and the intensity required to 
reduce the mineral ingredients to ^ diiid state must 
destroy all organic bodies in rocks either subjacent or 
included in the midst of them. 

, If, by a continued series of elcvatory movehients, 
such masses shall hereafter be brought up to the sur- 
face, in the same manner as sedimentary marine strata 
have, in the course of ages, been upheaved to the sum- 
mit of the loftiest mountains, it is not difficult to fore- 
see what perplexing problems mjiy be presented to the 
geologist. He may then, perhaps, study in some 
mountain chain the very rocks produced at the depth 
of several mile^ beneath the Andes, Iceland, or Java, 
in the time of Leibnitz, and draw from them the same 
conclusion which that philosopher derived from certain 
ignebus product of high antiquity; for he conceived 
our globe to have been, for an indefinite period, in tlie 
state of a comet, without an ocean, and uninhabitable 
alike by aquatic or terrestrial animals. 
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CI^APTER ilV. 

EARTHQUAKES AND THEIR EFFECTS. 

• « 

Eartliffuakcs and their effects jbeficlency of ancient accounts — ^ 
Ordinary atmospheric phenomena — Changes produced by earthi 
quakes in modern times considered in chronological order — 
Earthquakes in IMurciii, Ischia, &;c. — Chili in 1 B23 — Extent 
of country elevated (p. 234.) — Aleppo and Ionian Isles — 
Earthquake of Cutch in 1819 — Subsidence in the delta of the 
Indus (p. 237.) — Island of Sumbawa in 1815 — Town of 
Toniboro submerged — Earthquake of Caraccas in 1812 — 
South Carolina in 181 1 — Changes in tlie valley of the Missis- 
sippi (p. 248.) — Aleutian Islands in 180C — Reflections on 
the earthquakes of the 'nineteenth century — Earthquake in 
Quito, Quebec, &c, — Java, 1786 — ^"'Sinking down of large 
tracts — Japan Isles, 1783. 

* m 

In the sketch before given of the geographical bound- 
aries of volcanic regions, 1 stated, that although the 
points of eruption are but thinly scattered, constituting 
mere spots on the surface of those vast districts, yet 
the subterranean movements extend simultaneously 
over immense areas# We may liow proceed to con- 
sider the changes which these movements produce 
on tlie surface, «and in the internal structfirc of the 
.earth’s crust. 

JD^ciency of ancient accounts, —It is only within 
the laSt century and a half^ since Hooke first promul- 
gated his Views respecting ^ the connexion between 
geological phenomena and earthquakes, that the per- 

• I- 6 
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mauent changes by these coit«rulsions have 

excited ftctention. Before that time, the narrative of 
the historian was almost exclusively confined to the 
number^f human beings who perished, the number of 
cities laid in ruins, thp value of property destroyed, or 
certain atmospheric appearances (which dazzled or ter* 
rihed the observers. The creation pf ^ new lake, the 
engulphing of a city, or the raising of a new island, 
arc sometimes*, it is true, adverted to, as being too 
obvious, or* of too much geographical interest,* to be 
passed over in silence. But no researches were made 
expressly with a view of ascertaining the amount of 
depression or elevation of the ground, or any particular 
alterations in the relative position of sea and land ; and 
very little distinction was made between the raising of 
soil by volcanic ejections, and the upheaving of it by 
forces acting from below. The same remark applies 
to a very larger proportion of modern accounts ; and 
how much reason we have to regret this deficiency of 
information appears from this, that in every instance 
where a spirit of scientific inquiry has animated the 
eye-witnesses of these events, facts calculated to 
throw light on former modifications of the earths 
structure arc recorded. 

Phenomena attending carthqtiakes , — As I shall con- 
fine myself almost entirely, in the following notice 
of earthquakes, to tlfe changes brought about by them 
ill the configuration of the earth's crust, I may men- 
tion, geiterally, some accompanimen/:s of these terri- 
ble events which are almost uniformly commemorated 
in history, that it maj| be unnecessary to advert to 
them Irregularities in the seasons preceding 

or following the shocks sudden gusts of* wind, inter- 
dicted by dead calms ; violent rains at unusual seasons, 
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or in countr^s sucli^* phenomena are almost 

unknown ; a reddening of the sun’s disk, and a hazi* 
ness in the'^ir, often continued for months ; an evolu- 
tion of electric matter, or«of indaminable gas from the 
soil, with sulphureous and mepjiitic vapours ; noises 
underground, like tho running carriages, or the dis- 
charge of artilleri^ or distant thunder ; animals utter- 
ing cries of distress, and evincing extraordinary alarm^ 
being more sensitive than men of the slightest move- 
ment; a sensation like sea-sickness, and a dizziness 
in the head, experienced by men : — these, and other 
phenomena, which are still more remotely connected 
with our present subject as geologists, have recurred 
again and again at distant ages, and in all parts of 
the globe. 

I shall now begin the enumeration of earthquakes 
with the latest authentic narratives, and so carry back 
the survey retrospectively, that I may* bring before the 
reader, in the first place, the minute and circumstan- 
tial details of modern times, and thus enable him, by 
observing the extraordinary amount* of change within 
the last 1.50 years, to perceive how great must be the 
deficiency in the meagre annals of earlier eras. 

EARTHQUAKES OF THE NINETEENTH CENTURY.* 

Murcia^ 1829. — An earthqusjke happened near Ali- 
cant, in the south ^f Spain, on the 21st of March, 

* Since tlie publication of the former editions of tMs work, nu- 
merous accounts of recent earthquakes have been published ; but as 
they do not illustrate any new prin^ple, I cannot insert th^, as 
they wquld enlarge too much the size of my work. Among tlie 
most violent may be mentioneef those of Sept. 1827, atf Lahore, 
East Indies — of Jan. 15,1832, which destroyed Foligno, in Italy, 
— June 24, 1830, in China, in Tayming, North of Houan— ^ 
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1829) which violent^ agitated a^small district about 
four squaire miles iu area, being the basin of the river 
Segura, between Orihuela and the sea. ^All the vil- 
lages in this tract were thftrowm down by a vertical 
movement, the soil t)eing .traversed by innumerable 
crevices four or inches bi(oad. In the alluvial 
plain, especially that part near the ^a,, small circular 
jipertures were formed, out of which black mud, salt 
water, and marine shells were vomited ; and in other 
jdaces fine, yellowish-green, micaceous sand, likB that 
on the beach at Alicant, was thrown up in jets. * 
Iscliiay 1828. — On the 2d of February the whole 
island of Ischia was shaken by an earthquake, and in 
the October following I found all the houses in Casa- 
micciol still without their roofs. On the sides of a 
ravine between that town and Forio, I saw masses of 
greenish tuff, which had been thrown down. The hot- 
spring of llita,* which was nearest the centre of the 
movement, was ascertained by M. Covelli to have 
increased in temperature, showing, as he observes, 
that*the explosion took place below the reservoirs 
which heat the thermal waters.f 

Bogota, 1827. — On the 16th of November, 1827, 
the plain of Bogota was convulsed by an earthquake, 
and a great number of towns were thrown down. 


Harch 9, 1830, in the Caucasus at Kislfer — April 1833, Manilla 
—1833, Isle of Lissa in Adriatic, and Opus. Von Huff has 
published, from time to time, in Poggendor^s Annalen, lists of 
the earthquakes which have happened since 1821; and, by con*, 
suiting these, the reader vtrill |erccive that every month is signalized 
by oite or many convulsions in some part of the globe. ^ 

, • F^russac, Bulletin des Sci. Wt., Nov. 1829, p. 203. 

f Biblioth. Univ., Oct. 1868, p. 157. ; and FtVussac, Bulletin 
^ Arc., tome xi. p. 297. 
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Torrents of >ain swelled tKe J^agdalena, svreeping 
along vast 'quantities of mud and other si^stanccs, 
which emitted a sulphureous vapour and destroyed 
the fish, Popayan, which* is distant two hundred geo- 
graphical miles S. S.,W, of Bogota, suffered greatly. 
Wide crevices appeared in the road of Guanacas, leav- 
ing no doubt tl]at j(he whole of the Cordilleras sustained 
a powerful shock. Other tissiires opened near Costa, 
in the plains of Bogota, into which tlie river Tunza 
immediately began to flow.* It is worthy of remark,' 
that in all such cases the ancient gravel bed of a river 
is deserted, and a new one formed at a lower level ; so 
that a want of relation in the position of alluvial beds 
to the existing water-courses may be no test of the 
high antiquity of such deposits, at least in countries 
habitually convulsed by earthquakes. Extraordinary 
rains accompanied the shocks before mentioned ; and 
two volcanos arc said to have been in eruption in the 
mountain-chain nearest to Bogota.* 

Chili^ 1822. — On the 19th of November, 1822, the 
coast of Chili was visited by a most destructive earth- 
quake. The shock was felt simultaneously throughout 
a space of 1200 miles from north to south. 8t. Jago, 
Valparaiso, and some other places, were greatly injured. 
When the district round Valparaiso was examined on 
the morning after tho shock, •it was iound that the 
whole line of coast, for the distaAce of above one hun- 
dred miles, was raised above its former level.f At 
Valparaiso tlie elevation was three feet, and sft Quintero 
about four feet. Part of the bed of the sea, says Mrs. 
Graham, remained bare and ijry at high water, « with 

* Phil. Mag., July 1828, p.^7. 

i' See Geol. Trans., vol. i., seevnd series ^ and also Journ. of 
Sci., 1824, vol. xvii, p. 40. 
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beds of oysters, mu^les^ and other shefis, adhering to 
the rockfir on which they grew, t]ie fish being all dead, 
and exhaling most offensive effluvia.”* 

1 have been informed by Mr. Cruckshanks, an 
English botanist, who resided in the country during 
the earthquake, that,* for several days after the event, 
fishermen dug out certain burrowing shells from sands 
a&ove low-water mark, which previously they had only 
procured l^/ow that level. The same gentleman found 
that some rocks of greenstone at Quintero, ^a few 
hundred yards from the beach, which had always been 
tinder water till the shock of 1822, have since been 
uncovered when the tide is at half-ebb ; and he states 
that, after the earthquake, it was the general belief 
of the fishermen and inhabitants of the Chilian coast, 
that the ocean had permanently retreated, nof that 
the land had risen. 

An old wreck of a ship, says Mrs. Graham, which 
before could not be approached, became accessible 
from the land, although its distance from the original 
aea-sliore had not altercd.f It was observed, that the 
water-course of a mill, at the distance of about a mile 
from the sea, gained a fall of fourteen inches, in little 
more than one hundred yards ; and from this fact it is 
inferred that the rise in some parts of the inland country 
far more considerable than on th^ borders of the 
ocean 4 Part of thd coast thus ^elevated consisted of 
granite, in which parallel fissures were caused, some 
of which Vere traced for a mile aad a half inland. 
Cones of earth, about four feet high, were thrown up 
in several districts, by (he forcing up of water mixed 
with sand through funnel-shaped hollows, — a J^heno- 

* Geot. IVans., voL«i., second series, p. 415. 
i Ibid. ^ Journ. of Sci., vol. svii. p. 42. 





23S 


^-ARTHQ^JAKE IN CHIu/ 1822* 

menon very common in Calabria, land the explanation 
of which will hereafter be considered. Thosb houses 
in Chili of Which the foundations were on rock were 
less damaged than such as were built on alluvial soil. 

Dr. Meyen, a Prussian traveller, who visited Valpa- 
raiso in 1831, says that on exaihining the rocks both 
north and south qf the town, he found appearances 
corroborating Mrs. Graham's statements.* Accord- 
ing to him, the whole co^st of central Chili was 
raised *about four feet, and banks of marine shells , 
were laid dry on many parts of the coast. He 
observed similar banks, elevated at unknown periods, 
in several places, especially at Copiapo, where the spe- 
cies all agree with those now living in the ocean. Mr. 
Fryer also, who resided some years in South America, 
relates, that being at Valparaiso, after the earthquake 
of 1 822, he saw a shelly beach to the east of the tovm, 
above the reach of the tides, and rocKs were pointed 
out to him as being now less under water than they 
were before the convulsion.f 

On the other hand, Mr. Cuming, d gentleman Veil 
known by his numerous discoveries in conchology, and 
who resided at Valparaiso before the earthquake, and 
was there during and after the convulsion, could de- 
tect no proo^ of the rise of the ]and|, although his 
attention had been called to the fact by Mrs. Graham’s 
statements. He tells»rae, that he had frequently col- 
lected shells from the rocks on the shore, north and 
south of the town^ previous to and after the event, but 
he saw no signs of any change of level ; but, on the 
contrary, remarked, that the wjter at spring tides rose 
after the earthquake to the jame point on a wall near 

> 

* Eeise um die erde. 

* t Geol. Soc. Proceedings, 1Q35. 
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his house, which iljr< hafi rcacheu befcA-e the shocks. 
He imagines that the marine sl^iells allu^ided to were 
thrown up by the sea during the commotk)n, and that 
the idea of the coast havJhg been raised would not 
have been so generally received, had there not been a 
rapid gain of land opposite to Valparaiso, immediately 
after the earthquake in 1822. This apee^isionwas caused 
by the continual influx of granitic sand and gravel, 
washed down by numerous torrents from the interior, 
^ and cast up again by the waves of the Pacific. • During 
the nine years intervening between 1822 and 1831, the 
population of Valparaiso was multiplied in an ex- 
traordinary manner, and increased from 6,000 to 
34,(X)0 inhabitants ; in consequence of which every 
efibrt was made to preverve the newly acquired sand- 
banks, and in some places no less than two entire streets 
have been erected where there was sea before. 

I have stated these objections, trusting that they 
will prompt the scientific traveller and resident in 
Chili, to institute more minute inquiries ; in the mean 
tim5 1 consider the testimony of the many witnesses, 
whose opinion was formed before any of the new ad- 
ditions of land had taken place, to be sufficient to esta- 
blish the fact, although the change of level may perhaps 
be found to liave been less uniform in ^iiferent places 
than some have assumed. * 

Extent of country elevated . — The area over whicli 
diis permanent alteration of level is conjectured to 
have extended is ]*()0,000 square mijes.* The whole 
country, from the foot of the Andes to a great dis- 
tance under the sea, i| supposed to have been raised, 
tlie greatest rise being ajt the distance of abbut two 
nfiles from the shore. ^ The rise upon the coast was 
from two to four feet :--at the distance of a mile 

* Journ. of Sci., vol. xvii. 
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inland it must^ have been from five to six, or seven 
feet.*** The soundings in the harbour of Valparaiso 
have been materially changed by this shock, and 
the bottom has become shallower. The shocks con- 
tinued up to the end of September, 1823; even 
then, forty-eight houi's seldom J assed without one, 
and sometimes itwp or three were felt during twenty- 
four hours. Mrs. .Graham observed, after the earth- 
quake of 1822, that, besides the beach newly 
raised ‘above high-water mark, there were several, 
older elevated lines of beach one above the other, 
consisting of shingle mixed with shells, extending in a 
parallel direction to the shore, to the height of fifty 
feet above the sea.f 

In order to give some idea of the enormous amount 
of change which this single convulsion may have occa- 
sioned, let us assume that the extent of country moved 
was correctly estimated at 100,000 squ*are miles, — an 
extent just equal to half the area Of France, or about 
five-sixths of the area of Great Britain and Ireland. 
If we suppose the elevation to have ‘been only three 
feet on an average, it will be seen that the mass of 
rock added to the continent of America by the move- 
ment, or, in. other words, the mass previously below 
the level of tj|fe sea, and after the shocks, permanently 
above it, must have coritained ffftpr- seven cubic miles 
in bulk ; which would be sufficient to form a conical 
mountain two miles high (or about as high as Etna), 
with a circumference at the base of nearly thirty- three 
miles. We may take the mean specific gravity of the 
rock at 2*655, — a fair average.) and a convenient one 

/ 

• Joum. of Sci., vol. xvii.*, pp. 40. 45. 

f Geol. Trans., vol. i., second series, p. 415. 
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in such computation^., because at .sucl/a rate a cubic 
yard weighs two tons. Then, assuming the great 
pyramid of Egypt, if solid, to weigh, in' accordance 
with an estimate before given, six million tons, we may 
state the rock added to the continent by the Chilian 
earthquake to liavc fhore than* equalled 100,000 py- 
ramids. r < 

But it must always be borne in mijnd that the weight 
of rock here alluded to c(\nstltuted but an insignificant 
^part of the whole amount which the volcanic forces 
had to overcome. The whole thickness of rock be- 
tween the surface of Chili and the subterranean foci of 
volcanic action, may be many miles or leagues deep. 
Say that the thickness was only two miles, even then 
the mass which changed place and rose three feet 
being 200,000 cubic miles in volume, must have ex- 
ceeded in weight 363 raillioii pyramids. 

It may be ifeeful to consider these results in con- 
nection with others already obtained from a different 
source, and to compare the working of two antagonist 
forebs — the levelling power of running water, and the 
expansive energy of subterranean heat. How long, it 
may be asked, would the Ganges require, according to 
data before explained, to transport to the sea a quaiv 
tity of solid piattcr equal to that added fo the land by 
the Chilian earthqua{:e? Tile discharge of mud in 
one year by the Ganges equalled the weight of sixty 
pyramids. In that case it would require seventeen 
centuries and a half before the river»could bear down 
from the continent into the sea a mass equal to that 
gained by the Chilian Earthquake. In about half that 
number of centuries, perl^ps, the united waters of the 
Ganges and BurrampoQter might accomplish the ope- 
ration. 
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Aleppo, 182^i. — Ionian Isk^, 1820. — When Aleppo 
was destroyed by an earthquake in 1822, two ^ocks are 
reported to have risen from the sea near the island of 
Cyprus* **; and a new rocky'dsland was observed in 1820 
not far from the coast of )8anta^ Maura, one of the 
Ionian Islands, after vfolcnt cart5>quakcs.f 

Cutek, 1819.^ — A violent earthquake occurred at 
Cutch, in the deltll of the Indus, on the 16th of June, 
1819. (See map, rfate 5.) Tlie principal town, Bhooj, 
was converted into 'a heap of ruins, and its stone' 
buildings were thrown down. The shock extended to 
Ahmedabad, where it was very destructive ; and at 
Poonah, four hundred miles farther, it was feebly felt. 
At the former city, the great mosque erected by Sul- 
tan Ahmed nearly 450 years before, fell to the ground, 
attesting how long a period had elapsed since a shock 
of similar violence had visited that point. At Anjar, 
the fort, with its tower and guns, we«5 hurled to the 
ground in one common mass of «ruin. The shocks 
continued some days until the 20th ; when, thirty miles 
from Bhooj, a volcano is said to have burst oiJt in 
eruption, and the convulsions ceased. 

Subsidence in the Delta of the Indus • — Although 
the ruin of towns was great, the face of Nature in the 
inland country, says Captain Maemurdo, was not visibly 
altered. In the hills some large masses only of rock 
and soil were detached from tn# precipices ; but the 
eastern and almost deserted channel of the Indus, 
which bounds the province greatly 

changed. This estuary, or inlt^of the sea, was, before 
the earthquake, fordable at Lupkput, being only about 


* Joiirn. of Sci., voljxiv. p. 450. 

t Von Hoff., vol. ii. p. 180. 
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a foot d^ep when tli[^e was atl ebb, atid at flood tide 
never more than six feet ; but it was dee^pened at the 
fort of Luckput, after the shock, to inore«than eighteen 
feet at low water. * On spunding other parts of the 
channel, it w'as found, tha^ where previously the depth 
of the water at floo4 never exceeded one or two feet, 
it had become from four to ten feet fleep. By these 
and other remarkable changes of level, a part of the 
inland navigation of that country^, which had been 
dosed for centuries, become again practicable. * 

* Fort and village submerged, f — The fort and village 
of Sindree, on the eastern arm of the Indus, above 
Luckput, are stated by the same wTitcr to hive been 
overflowed ; and, after the shock, the tops of the houses 
and wall were alone to be seen above the water, for 
thc«houses, although submerged, were not cast down. 
Had they been situated, therefore, in the interior, 
where so many forts- were levelled to the ground, their 
site would, perhaps, have been regarded as having 
remained comparatively unmoved. Hence we may 
suspect that great permanent upheavings an depres* 
dons of soil may be the result of earthquake, without 
the inhabitants being in the least degree conscious of 
any change of level. 

more recent survey of Cutch by Capt. A. Burnes, 
wfaj^ yas not in communication with Capt. Maemurdo, 
cot^rms the facts aboVe enumeivited, and adds many 
important details.^: That officer exammed the delta 

• Maemurdo, Kd, Phif- Joum., vol. iv. p. 106 . 
f I am indebted to d.^tain Bunies for the accompanying 
engraving, (PI. VI.) of the^ort of Sindree, as it appeared eleven 
years before the earthquake. \ 

^ This Memoifr is now iq the Library of the Royal Asiatic 
Society of London, 
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of the Indus^in 1826 dnd 1828, and from his account 
it appears that, when Sindree subsided in June, 1819, 
the sea flowed in by the eastern mouth of the Indus, 
and in a few hours converted a tract of land, 2000 
square miles in area, into an inland sea, or lagoon. 
Neither the rush of the sea into*this new depression, 
nor the movenx?nt; of the earthquake, threw down 
entirely the small, fort of Sindree, one of the four 
towers,, the north-western, still continuing to stand ; 
and the day after the earthquake, the inhabitants, who 
had ascended to the top of this tower, saved them- 
selves in boats. * 

Elevadmi of the UllcJi Bund, — Immediately after 
the shock, the inhabitants of Sindree saw, at the dis- 
tance of five miles and a half from their village, a long 
elevated mound, where previously there had been a 
low and perfectly level plain. (See Map, PI. 5.) To 
this uplifted tract they gave the natne of “ Ullah 
Bund,'* or the “ Mound of God,*l to distinguish it 
from several artificial dams previously thrown across 
the eastern arm of the Indus. • 

Extent of country raised , — It has been already ascer- 
tained that this new-raised country is upwards of fifty 
miles in length from cast to west, running parallel to 
that line of subsidence before mentioned jvhich caused 
the grounds around Sintiree to \5p flooded. The range 
of this elevation extends from"lPuchum island towards 
Gharee; its breadth from north to south is conjectured 
to be in some p^ts sixteen its ^featest as- 

certained height above the ori^nal level of the delta 

• » j i 

* I have been enabled, ircin personal communication with 
Captain Bumes, to add several p^culars to my former account 
of earthquake. 
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is ten /eet, — an elevation which appears to the eye 
to be \^ry uniform throughout. 

For several years after the convulsion of 1819, the 
course of tlie Indus was very unsettled, and at length, 
in 1826, the river Uirew a vast body of water into its 
eastern arm, that called the Phurraun, above Sinde ; 
and forcing its w'ay in a more direct course to the sea, 
burst through all the artificial dams which had been 
thrown across its charmel, and at length cut right 
through the “ Ullah Bund,” whereby a natural sec- 
tion was obtained. In the perpendicular clifis thus 
laid open, Captain Burnes found >that the upraised 
lands consisted of clay filled with shells. The new 
channel of the river wdicre it intersected the “ bund” 
was eighteen feet deep, and during the swells in 1826, 
it was two or three liundred yards in width ; but in 
1828 the channel was still further enlarged. The 
Indus, when it first opened this new passage, threw 
such a body of water into the new meer, or salt lagoon, 
of Sindree, that it became fresh for many months ; but 
it lihd recovereef its saltness in 1828, when the supply 
of river water was less copious, and finally it became 
more salt than the sea, in consequence, as the natives 
suggested to Captain Burnes, of the saline particles 
with which the “ Runn of Cutch’* is impregnated. 

In 1828 Captain Barnes went in a boat to the ruins 
of Sindree, where a single remafning tower was seen 
in the midst of a wide expanse of sea. The tops of 
tlie ruinecTwalls ^fflNjOse two or thre% feet above the 
level of the water ; ai^J standing on one of these, he 
could behold nothing in^the horizon but water, ^except 
in one direction, where a W'ic streak of land to the 
north indicated the Ullah Bund. This scene presents 
to the imagination a lively picture of the revolutions 
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now in progress on- the earth ->r a waste of waters 
where a feii* years before all was land, and the only 
land visible consisting of ground uplifted by a recent 
earthquake. 

The llunn of Cutch, above alluded to, is a fiat re- 
gion of a very peculiar character, and no less than 
7000 square mjles in area; a greater superficial extent 
than Yorkshire, or about one fourth the area of Ireland. 
It is rot a desert of moving sand, nor a marsh, but 
evidently the dried-up bed of an inland sea, which for 
a great part of every year has a hard and dry bottom 
uncovered by weeds or grass, and only supporting here 
and there a few tamarisks. But during the monsoons, 
when the sea runs high, the salt water driven up from 
the (julf of Cutch and the creeks at Luckput overfiows 
a large part of the Kunn, especially after rains, when 
the soaked ground permits the sea- water to spread 
rapidly. The llunn is also liable io*he overflowed 
occasionally in some parts by river-water; and it is 
remarkable that the only portion which was ever highly 
cultivated (that anciently called Sayra) is now pemia- 
nently submerged. The surface of the Runn is some- 
times encrusted with salt about an inch in depth, 
in consequence of the;^. evaporation of the sea-water. 
Islands rise up in some parts of the waste, and the 
boundary lands form bays and promontories. 

The natives have a traditiod tliht, about three cen- 
turies ago, the countries of Cutch and Sindc were 
separated by the sea, thus giving *risc to the district 
called the Runn. Towns far ^nland are still poihled 
out as having once been ancient ports ; and it is said 
that ships were wrecked antl 'engulphed by the great 
catastrophe. In confirmatioj) of this account it was 

VOL. ir, M 
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observed, in 1819, in thci^ets oi* black muddy 
water tArown out of fissures in that region, there were 
cast up numerous pieces of wrought irin and ship 
nails.* Cones of sand six or eight feet in height are 
said to have been thrown up on these lands.f 

We must not conclude witliout alluding to a morai 
phenomenon connected with this tremendous cata- 
strophe, which we regard as highly deserving the at- 
tention of gco*iogists. It is stated by Captain Burnes, 
that “ these wonderful events passed tmJieededhy the 
inhabitants of Cutch for the region convulsed, though 
once fertile, had for a long period been reduced to 
sterility by want of irrigation, so that the natives were 
indifferent as to its fate. Now it is to this profound 
apathy which all but highly civilized nations feel, in 
regard to physical events not having an immediate in- 
fluence on their worldly fortunes, that we must ascribe 
the extraordiniiry dearth of historical information con- 
cerning changes of the earth’s surface, which modern 
observations show to be by no means of rare occur- 
rence in the orijinary course of nature. 

To the east of the line of this earthquake lies Oojain 
(called Ozene in the Peryplus Maris Eryihr,), Ruins 
of an ancient city are there fecund, a mile north of the 
present, buried in the earth to the depth of from fiflecn 
to sixteen feet, which inhumation is known to have 
been the corisequeiidfevof a trcnqendous catastrophp in 
the time of the Rajah Vicraraaditya.J 
Island of Sun^yya, 1815. — In 1815, one of 


* Captain Burnes's Ac^unt 

+ Captain Macmurdo*a Memoir, Ed. Phil. Journ., vol. iv. 
p. lOfJ. * * 

f Von Hotr, vol. ii. p. 454| ; lor further particulars, sec book 3. 
chap.xiv. 
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the most frightful eitiptions recofded in histi^ry oc- 
curred in the mountain Tomboro, in the island of 
Sumbawa. n began on tlio ,5th of April, and was 
most violent on the 11th dnd 12th, and did not en- 
tirely cease till July. The sound of the explosions was 
heard in Sumatra, at tl/e distance* of 970 geographical 
miles in a direct. lino; and at Ternate, in an opposite 
direction, at the distance of 720 miles. Out of a 
population of twelve thousaod, only twenty-six in- 
dividuafs survived on the island. Violent whirlwinds 
carried up men, horses, cattle, and whatever else 
came within their influence, into the air, tore up the 
largest trees by the roots, and covered the whole sea 
with floating timber.* Great tracts of land were 
covered by lava, several streams of which, issuing 
from the crater of the Tomboro mountain, reached 
the sea. So heavy was the fall of ashes, that they 
broke into the Resident’s house at Binfa, forty miles 
east of the volcano, and rendered i^, as well as many 
other dwellings in the town, uninhabitable. On the 
side of Java the ashes were carried to* the distance* of 
300 miles, and 217 towards Celebes, in sufficient 
quantity to darken the air. The floating cinders to 
the westward of Sumatra formed, on the 12th of 
April, a mass two feet thick, and several miles in ex- 
tent, through which ship^ with cKfficulty forced their 
way. • ^ * 

The darkness occasioned in the daytime by the 
ashes in Java wa9 so profound, that* nothing equal to 
it was ever witnessed in the darkest night. Although 

this volcanic dust when it fell was an impalpable pow- 

• • • 

» 

* Raffles’s Java, vul. i. p. 28. 
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rfen //j^as of con<rWerab/e ivci^it when compressed, a 
{)int 01 it weighing twelve ounces and t/iree-quarters. 
Along the sva-coiist of Sumbawn^ aml^thc adjacent 
vies, the sea rose suddenly to the height of from two 
to twelve feet, a great w'ave rushing up the estuaries, 
and then suddenly ‘subsiding* Although the wind at 
Jlima was still during the whole tipej the sea rolled in 
upon the shore, and filled the Jo we/ parts of the houses 
M'itli water a foot deep. Every prow ai\d boat was 
forced fi om the anchorage, and driven on shore. 

“ On the 19th of April,” says one of Raffles 's corre- 
bpondents, “ we grounded on the bank of Birna town. 
I'he anchorage at Bima must have altered consider- 
ably, as where we grounded the Ternate cruiser Jay at 
anchor in six fathoms a few months before/' Unfortu- 
nat(dy, no facts are stated by which we may judge 
w itli certainty whether this shoal, implying a change 
of depth of rtiore than thirty feet, was caused by an 
accumulation of*ashes, or by an upheaving of the 
bottom of the sea. It is stated, however, that the 
surrounding cotintry was covered with ashes. On the 
other hand, the town called Tomboro, on the west side 
of the volcano, was overflowed by the sea, whicli 
encroached upon the shore at the foot of the volcano, 
so that the -water remained permanently eighteen feet 
deep in places where there was land before. Here we 
may observe, that the amount'^of subsidence of land 
was apparent, in .^ite of tfte oshes, which would natu- 
rally have caus^Lfthe limits of the cOast to be extended. 

The area over whjeh tremulous noises and other 
volcanic effects extended, was one thousand English 
miles in circumference, including the whole of the 
Molucca islands, Java,* a considerable portion of Ce- 
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]ebes> Sumatra, and Bofneo. In the island of Ambo}'na, 
in the same month and year, the ground opened, 
threw out wafer, and then closed again.* 

In conclusion, 1 may remind the reader, that but for 
the accidental presence of Sir Stamford Baffles, then 
governor of Java, we should scarcely have hoard in 
Europe of this tKemendous catastrophe. He required 
all the residents in jthc various districts under his au- 
thority to send in a statement of the circumstances 
which occurred within their own knowledge; but, 
valuable as were their communications, they are often 
calculated to excite, rather than to satisfy the curiosity 
of the geologist. They mention, that similar effects, 
though in a less degree, had, about seven years before, 
accompanied an eruption of Carang Assam, a volcano 
in the island of Bali, west of Sumatra; but no jiarticu- 
lars of that great catastrophe arc recorded.f 

CaraccaSi 1812, — On the 26th of 'March, 1812, 
several violent shocks of an earthquake were felt in 
Caraccas. The surface undulated like a boiling liquid, 
and terrific sounds were heard uiulefground. Tfie 
w'hole city with its splendid churches was in an instant 
a heap of ruins, under which ten thousand of the in- 
habitants were buried. On the 5th of April, enormous 
rocks were detached from the mountains. , It was be- 
lieved that the mountain Silla ]ost*/rom to .860 feet 
of its height by subsidence; but tfiis was an opinion 
not founded on any measurement. On the 27tli of 
April, a volcano iif St. Vincent’s thre^out ashes ; and 
on the 30th, lava flowed from it§ crater into the sea, 

* Raffldb’s Hist, of Java, vol. 2.5. — Ed. Phil. Jourii., 
vol. iii. p. 389. ♦ 

f Life and Services of Sir Stamford Raffles, p. 241. London, 
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while ils explosions were heard*at a distance equal to 
that bdlcween Vesuvius and Switzerland, the sound be- 
ing transmitted, as Humboldt suppose^ through the 
ground. During the earthquake which destroyed Ca- 
raccas, an immense quantity of water was thrown out 
at Valecillo, near Valencia, a^ also at Porto Cabello, 
through openings in the earth ; and in the Lake Mara- 
caybo the water sank.* 

Although the great change of level in the mountain 
Silla was not distinctly proved, the opinion of the in- 
habitants deserves attention, because I shall afterwards 
have to mention some well-authentjcated alterations in 
the same district during preceding earthquakes. Hum- 
boldt observed that the Cordilleras, composed of gneiss 
and mica slate, and the country immediately at their 
foot, were more violently shaken than the plains. 

South Carolma^ 1811. — New Madrid * — Previous 
to the destruction of La Giiayra and Caraccas, in 1812, 
South Carolina was convulsed by earthquakes ; and 
the shocks continued till those cities were destroyed. 
The valley also of the Mississippi, from the village of 
New Madrid to the mouth of the Ohio in one direc- 
tion, and to the 8t. Francis in another, was convulsed 
to such a degree as to create lakes and islands. Flint, 
the geographer, who visited the country seven years 
after the event, informs us, that a tract of many miles 
in extent, near the Little Prairie, became covered with 
water three or four feet deep ; and when the w^ater 
disappeared, a^^ratum of sand was left in its place. 
Large lakes of twenty miles in extent* were formed in 
the course of an hour, and others were drained. The 

* t c 

* Humboldt’s Pers. Nar,/vol. iv. p. 12. ; and £d. Phil. Journ., 
vol. i. p. 272. 1819. 
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grave-yard at New Madrid was ^precipitated into the 
bed of the iKlississippi ; and it is stated that thi ground 
whereon thePtown is built, and the river bank for fifteen 
miles above, sank eight feet below their former level.* 
Hie neighbouring forest presented for some years 
afterwards “ a singulaf scene of* confusion ; the trees 
standing inclined in every direction, and many having 
their trunks and branches broken.”f 

The inhabitants relate tha^ the earth* rose in great 
undulations ; and when these reached a certain fearful 
height, the soil burst, and vast volumes of water, sand, 
and pit-coal were, discharged as high as the tops of the 
trees. Flint saw hundreds of these deep chasms re- 
maining in an alluvial soil, seven years after. The 
people in the countr^s although inexperienced in such 
convulsions, had remarked that the chasms in the earth 
were in a direction from S.W. to N.E. ; and they accord- 
ingly felled the tallest trees ; and laying them at right 
angles to the chasms, stationed themselves upon them. 
By this invention, when chasms opened more than once 
under these trees several persons we»e prevented from 
being swallowed up.J At one period during this earth- 
quake, the ground not far below New Madrid swelled 
up so as to arrest the Mississippi in its course, and to 
cause a temporary reflux of its waves. The motion of 
some of the shocks waS horizori](al, and of others per- 
pendicular ; and the* vertical ftiovement is said to have 
been much less desolating than the horizontal. If this 
be often the cast;, those shocks whiek injure cities least 
may produce the greatest alteration of level. 

* Cramer’s Navigator, p, ^24 3. Pittsburgh, 1821 . 

t Long’s Exped. to the Rocky Mountains, iii, j). J81. 

t Sillimati’s Journ., Jan. 1829. 
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AhtUian /i/fmc/A', < 1 806. — In fthcj year 1806, a new 
island, iL the form of a peak, with some''low conical 
lulls upon it, rose from the sea among the Aleutian 
Islands, north of Kamtscliaika. According to Langs- 
dorf it was four geographical miles in circumference; 
and Von Buch infers,»from its iTiagnitude, and from its 
not having again subsided below the level of the sea, 
that it did not consist merely of ejected matter, like 
Monte Nuovo', but of a^solid rock of trachyte up- 
heaved. f Another extraordinary eruption happened 
in the spring of the year 1814, in the sea near Una- 
laschka, in the same archipelago. ,A new isle was 
then produced of considerable size, and with a peak 
three thousand feet high, which remained standing for 
a year afterwards, though with somewhat diminished 
height. 

Although it is not improbable that the earthquakes 
accompanying Iflie tremendous eruptions above men- 
tioned may have heaved up part of the bed of the sea, 
yet we must wait for fuller information before we 
assume this as a fact The circumstance of these 
islands not having disappeared like Sabrina, may have 
arisen from the emission of lava. If Jorullo, for ex- 
ample, in 1759, had risen from a shallow sea to the 
licight of 1600 feet, instead of attaining that elevation 
above the Mexican plateau, the massive current of 
basaltic lava which ^ou^d out from its crater would 
have enabled it to withstand, for a long period, the 
action of a turbula^it sea. 

on the Earthqmhes of the nineteenth cm- 

— We are now about to pass on to the events of 
• « • 

^ Bcnicrkiingcn auf einer ll^se'um die Welt,, bd. ii. s. 209 , 
t Neue AUgem. Geogr. Ephemer., bd, iii. s. 348 . 
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the eighteenth centuny ; but, befo¥e we leave the con- 
sideration of those already enumerated, let pnuse 
for a momerA, and reflect how many remarkable 
of geological interest are dftbrded by the earthquakes 
above described, though they constitute but a small 
part of the convulsions? even of <he last thirty years. 
New rocks havfj risen from the waters ; the tempera- 
ture of a thermal spring has been raised ; the coast of 
Chili for one hundred milei$ has been permanently 
elevate*d ; a considerable tract in the delta of the Indus 
has sunk down, and some of its shallov/ channels have 
become navigable ; an adjoining part of the same dis- 
trict, upwards of fifty miles in length and sixteen in 
breadth, has been raised about ten feet above its for- 
mer level ; the town of Tomboro has been submerged, 
and twelve thousand of the inhabitants of Sumbawa 
have been destroyed. Yet, with a knowledge of these 
terrifle catastrophes, witnessed during so brief a period 
by the present generation, will thf* geologist declare 
with perfect composure that the earth has at length 
settled into a state of repose? Will* he continue* to 
assert that the changes of relative level of land and 
sea, so common in former ages of the world, have now 
ceased ? If, in the face of so many striking facts, he 
persists in maintaining this favourite dogma, it is in vain 
to hope that, by accunlulating Tl^p proofs of similar 
convulsions during a* series of arftecedent ages, we 
shall shake his tenacity of purpose : — 

Si fractu'i illabatur orbis 

Impavicium ferlentpruiiice. 



250 


EATfTHQt'AKK OF gOITO, 17‘T^. 


[nook II. 


I •* 

EARlilQUAlCES OK THE EIGHTEENTH t-ENTURY. 

Quito, 1797. — On the morning of ^^ebruary 4th, 
1797, the volcano of Tiinguragua in Quito, and the 
surrounding districtr for forty leagues from south to 
north, and twenty leagues from west to east, experi- 
enced an undulating movement, .which lasted four 
minutes. The same shock was felt over a tract of 
170 leagues from south' to north, from Piura, to Po- 
payan ; and 1 40 from west to east, from the sea to 
the river Napo. In the smaller district first men- 
tioned, where the movement was more intense, every 
town was levelled to the ground ; and Riobamba, 
Quero, and other places, were buried under masses 
detached from the mountains. At the foot of Tungura- 
gua the earth was rent open in several places ; and 
streams of water and fetid mud, called “ moya,” 
poured out, overflowing and wasting every thing. In 
valleys one thousand feet broad, the w'ater of these 
floods reached to the height of six hundred feet; 
amt the mud deposit barred up the course of the 
river, so as to form lakes, which in some places con- 
tinued for more than eighty days. Flames and suffo- 
cating vapours escaped from the lake Quilotoa, and 
killed all the cattle on its shores. The shocks con- 
tinued all FebruaiV'^and March; and on the 5th of 
April they recurred with almosC as much violence as 
at first. We are told that the form of the surface in 
tlie district mo^"* shaken was entirely altered, but no 
exact measurements £re given whereby we may esti- 
mate the degree of elevation or subsidence.* ^ Indeed 
it would be difficult, except in the immediate neigh. 

♦ Cavanilles, Journ. de Phys., tome xlix. p. 230. Gilberts, 
Aiinalcn, bd. vi. p, OT, Humboldt's Voy., p. 317. ^ 
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bourhood of the sea,* to obtain anf certain standard of 
comparison* if tlie levels were really as much altered 
as the narrsitions imply. 

Curmnay 1797- — In tl/e same year, on the Nth of 
December, the small Antilles experienced subterra- 
nean movements, and* four fifths of the town of Cu- 
mana was shakpn down by a vertical shock. The form 
of the shoal of Mornerouge, at the mouth of 4he 
river Bourdones, was changcjd by an upheaving of the 
grounfl. * 

Quehecy 1791. — We learn from Captain Bayfield’s 
memoirs, that earthquakes are very frequent on the 
shore of the estuary of the St. Lawrence, of force 
sufficient at times to split walls and throw down chim- 
neys. Such were the effects experienced in December, 
1791, in St. Paul’s Bay, about fifty miles N.E. from 
Quebec; and the inhabitants say, that about every 
twenty-five years a violent earthquake* returns, which 
lasts forty days. In the history of , Canada, it is stated 
that, in 1663, a tremendous convulsion lasted six 
months, extending from Quebec to Tadeausac,*— a 
distance of about 130 miles. The ice on the river 
was broken up and many landslips caused. f 

CaracccLSy 1790. — In the Caraccas, near where the 
Caura joins the Orinoco, between the towns San Pedro 
de Alcantara and San Francisco de Aripao, an earth- 
quake, on St. Matthew’s day, #17^, caused a sinking in 
of the granitic soil, and left a lake eight hundred yards 
in. diameter, and. from eighty to one4iundred in depth. 
It was a portion of the forest of Aripao which sub- 

* * Humboldt’s Voy,, Kclat. Hist., part i. p. 309. 
t Maegregor’s Travels in America. 

6 
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sided) and the trees Remained grey.n for several months 
under wdter.* ’ 

Sicily^ 1790. — On the 18th of March is\ the same 
year, at S, Maria di Niscenv, some miles from Terra- 
nuova, near the south coast of Sicily, the ground gra- 
dually sunk down for ji circumference of three Italian 
miles, during seven shocks ; and, in one place, to the 
depth of thirty feet. It continued to subside to the 
end of the ninnth. Several fissures sent forth sulphur, 
petroleum, steam, and hot water ; and a stream ©f mud, 
which flowed for two hours, and covered a space sixty 
feet long, and thirty broad. This happened far from 
])oth the ancient and modern volcanic district, in a 
group of strata consisting chiefly of blue clay.f . 

Java, 1786. — About the year 1786, an earthquake 
was felt at intervals, for the period of four months, in 
the neighbourhood of Batur, in Java, and an eruption 
ioHowed. Various rents were formed, which emitted 
a sulphureous vapour ; separate tracts sunk away, and 
were swallowed by the earth. Into one of these the 
rivulet Dotog entered, and afterwards continued to 
i'ollow a subterraneous course. The village of Jam- 
pang was buried in the ground, with thirty-eight of its 
iidiabitants, wlio had not time to escape. We are in- 
debted to Dr. Horsficid for having verified the above- 
mentioned facts. :j: . . 

Japan Isles, ]783>— In the prpvince of Sinano, in 
tlie Isle of Nifoii, the volcanic mountain of Asama- 
yama, situated nonh-east of the town, of Komaro, was 
in violent eruption August 1, 1783. The eruption 

* Humboldt’s Voy., Hist., part ii. p, 632, ‘ 

t Ferrara, Camp, fl., p, 51I 

* Fatav. Trans., vol. viii. p, 141. 
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earthquake in JAI^VN. 


was preceded by a /rightful ear|hquake ; gulphs are 
said to havfi opened every where, and many^towns to 
have been swallowed up, while others were subse- 
quently buried by lava.^ • 

* Humboldt, Fragmebs Asiatiqufis &c., torn, i- 
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CHAPTER XV. 

. * 

EARTHQUAKE IN CALABRIA, 17B3. 

I- 

4 

Earthquake in Calabria, February Ji, 1783 — Shocks continued to 
the end of the year 1 786 ^ Autliorities — Area convillsed — 
Geological structure of the district — Difficulty of ascertaining 
changes of level (p.261.) — Subsidence of the quay at Messina 
— Shift or fault in the Hound Tower of I'erraimova — Move- 
ment in the stones of two obelisks — Opening and closing of 
fissures — Large edifices engutplied — Dimensions of new 
caverns and fissures (p. 268.)— Gradual closing in of rents — 
Bounding of detached masses into the air — Landslips — 
Buildings transported entire to great distances (p. 275.) — New 
lakes — Currents of mud — Funnel-shaped hollows in alluvial 
plains — Fall of cliffs, and shore near Scilla inundated — State 
of Stromboli and Etna during the shocks — How earthquakes 
contribute to the formation of valleys (p. 281.) — Concluding 
reifiarkr.. 


Duration of iJte shocks, — Of the numerous earth- 
quakes which have occurred in different parts of the 
globe, during the last hundred years, that of Calabria, 
in 1783, is almost tl^ only one of which the geologist 
can he said to have sVich^u circumstantial account as to 
enable him fully to appreciate the changes which this 
cause is capable «af producing in tlu^ lapse of ages. 
The shocks began in February, 1783, and lasted for 
nearly four years, to tThe end of 1786* Neither in 
duration, nor in violence, lior in the extent of territory 
moved, was this convul%*on remarkable, when con- 
trasted with many experienced in other countries. 
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both during the last and present century ; nor were 
the alterations which it occasioned in thi relative 
level of hil^ and valley, land and sea, so great as those 
effected by some subterrtinean movements in South 
America, in later times. The importance of the 
earthquake in questioVi arises ffom the circumstance, 
that Calabria js the only spot hitherto visited, both 
during and after the convulsions, by men possessing 
sufficient leisure, zeal, and, scientific 'information, to 
enable them to collect and describe with accuracy the 
physical facts which throw light on geological ques- 
tions. 

Autluyriltes. — Among the numerous authorities, Vi- 
venzio, physician to the King of Naples, transmitted to 
the court a regular statement of his observations during 
the continuance of the shocks ; and his narrative is 
drawn up with care and clearness.* Francesco An- 
tonio Grimaldi, then secretary of war, visited the 
different provinces at the king’s •command, and pub- 
lished a most detailed description of the permanent 
changes in the surface, f He measured the length, 
breadth, and depth of the different fissures and gulphs 
which opened, and ascertained their number in many 
provinces. His comments, moreover, on the reports 
of the inhabitants, and his explanations of their rela- 
tions, are judicious t^nd insttjytive. Pignataro, a 
physician residing ^at Montt»lcotic, a town placed in 
the very centre of the convulsions, kept a register of 
the shocks, distinguishing theni3«»into four classes, 
according to their degree of violence. From his work, 

it appears that, in the year 1783, the number was 94^9, 

• • 

* Istoria de* TremuoU dell% Calabria del 1 783. 

t Descrii. de* Treimioti A(f^ad. nelle Calabria nel 1783. 
Napoli, 1784. | 

• r • 



2.56 EAHTHQiJaKE in CALABRIA, its". [Btpk'lT 

of which 501 were shocks of the first degree offeree; 
and in tile following year there were 151 i of which 
98 were of the first magnitude. « 

Count Tppolito, also, and' many others, MTote de- 
scriptions of the earthquake; and the Iloyal Academy 
of Naples, not satisfies’ with the'se and other observ- 
ations, sent a deputation from their ojkvn body into 
Calabria, before the shocks had ceased, who were 
accompanied by artists instructed to illustrate by 
drawings the physical changes of the district, anfl the 
state of ruined towns and edifices. Unfortunately 
these artists were not very successful in their repre- 
sentations of the condition of the country, particularly 
when they attempted to express, on a large scale, the 
extraordinary revolutions which many of the great and 
minor river-courses underwent. But many of the 
plates published by the Academy are valuable; and 
as they arc little known, I shall frequently avail my- 
self of them to illustrate the facts about to be de- 
scribe d.^ 

In^addition to these Neapolitan sources of inform- 
ation, our countryman. Sir William Hamilton, sur- 
veyed tlic district, not without some personal risk, 
before the shocks had ceased; and his sketch, pub- 
lished in the Philosophical Transactions, supplies many 
facts that would otlverwise hawj been lost. He has 
explained in a rational manner many events which, 
as related in the language of some eye-witnesses, 
appeared marvellous and incredible. cDolomieu also 
examined Calabria during the catastrophe, and wrote 

an account of the earthquake, correcting a mistake 

*- 1. 

* Istoria de* Fenomeni del Ti^moto, &c. nell’ An. 1783, posta 
in luce dalla Heal. Acead., &c. di Nap. Napoli, 1784. fol. 
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into which Huniiltoi) had fallen,^ who supposed tliat 
a part of the tract shaken had consisted of S^olcanic 
tuff. It is^ indeed, a circumstance wliich enhances 
the geological interest of* the commotions which so 
often modify the surface of Calabria, that they are 
confined to a country where the^e are neither ancient 
nor modern rocks of volcanic or trappean origin ; so 
that at some futurfc time, when the era of disturbance 
shall have passed by, the cause of fornnffer revolutions 
will bfc as latent as in parts of Great Britain now 
occupied exclusively by ancient marine formations. 

Extent of the area convtdsed. — I'lie convulsion of 
the earth, sea, and air extended over the whole of 
Calabria Ultra, the south-east j)art of Calabria Citra, 
and across the sea to Messina and its environs ; a dis- 
trict lying between the I38th and S9th degrees of 
latitude. The concussion was perceptible over a great 
part of Sicily, and as far north as Naples ; but the 
surface over which the shocks aetj^'d so forcibly as to 
excite intense alarm did not generally exceed five 
hundred square miles in area. The soil of that part 
of Calabria is composed chiefly, like tlie southern part 
of Sicily, of calcareo-argillaccous strata of great thick- 
ness, containing marine shells. This clay is sometimes 
associated with beds of sand and limestone. For the 
most part these formaticyis resemble in ap|)carance and 
consistency the Subapenniue piafSs, with their accom- 
panying sands and sandstones ; and the whole group 
bears considerably resemblance, in the yielding nature 
of its materials, to most of our tertiary deposits in 
France and England, Chronologically considered, how- 
ever, the Calabrian formations arc comparatively of 
very modern date, and abound in fossil shells refer- 
rible to species now living in the Mediterranean, 
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We learn from Viyenzio that, pi> the 20th and 26th 
of March, 1788, earthquakes occurred in the islands of 
Zante, Cephalonia, and St. Maura ; and fin the last- 
mentioned island several public edifices and private 
houses were overthrown, and many people destroyed. 
It has been already shown that the Ionian Islands fall 
within the line of the same great volcanic region as 
Calabria ; so that both earthquakes were probably 
derived from 'a common ^source, and it is not impro- 
bable that the bed of the whole intermediate 's^a was 
convulsed. 

If the city of Oppido, in Calabria, be taken as a 
centre, and round that centre a circle be described, 
with a radius of twenty-two miles, this space will com- 
prehend the surface of the country which suffered the 
greatest alteration, and where all the towns and vil- 
lages were destroyed. The first shock, of February 
5th, 1783, threw down, in two minutes, the greater 
part of the houses in all the cities, towns, and villages, 
from the western flanks of the Apennines in Calabria 
Ultra to Messina in Sicily, and convulsed the whole 
surface of the country. Another occurred on the 28th 
of March, with almost equal violence. The granitic 
chain which passes through Calabria from north to 
sou til, and attains the height of many thousand feet, 
was shaken but slij^tly by tlve first shock, but more 
rudely by some whi<Jh followed. 

Some writers have asserted that the wavelike move- 
ments which wQiie propagated through the recent 
strata, from west to east, became very violent when 
they reached the point of junction with the granite, 
as if a reaction was produced where the undUlator}' 
movement of the soft strata was suddenly arrested by 
the more solid rocks. But the statement of Dolomieu 
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on this subject is most interestiag, and, perhaps, in a 
geological *point of view, the most important* of all the 
observations which are recorded. * 

The Apennines, he say^, which consist in great part 
of hard and solid granite, with some micaceous and 
argillaceous schists, form barei mountains with steep 
sides, and exlijbit marks of great degradation. At their 
base newer strata are seen of sand and clay, mingled 
with shells ; a marine deposit containing such ingredi- 
ents as would result from the decomposition of granite* 
The surface of this newer ((ertiar?/) formation consti- 
tutes what is ca]]ed the plain of Calabria — a platform 
which is flat and level, except where intersected by 
narrow valleys or ravines, which rivers and torrents 
have excavated sometimes to the depth of six hundred 
feet. The sides of these ravines are almost perpen- 
dicular ; for the superior stratum, being bound together 
by the roots of trees, prevents th» formation of a 
sloping bank. The usual effect orf* the earthquake, he 
continues, was to disconnect all those masses which 
either had not sufficient bases for tlieir bulk, or which 
were supported only by lateral adherence. Hence it 
follows that throughout almost the whole length of the 
chain the soil which adhered to the granite at the base 
of the mountains Caulone, Esope, Sa^ra, and Aspra- 
monte, slid over the solid and inclined nucleus, 

and descended somewhat Ivwei^ leaving almost unin- 
terruptedly from St. George to beyond St. Christina, a 
distance of from nine to ten mil6«, a chasm between 
the solid granitic nucleus and the sandy soil Many 
lands slipping thus were carried to a considerable dis- 
tance from their former portion, so as entirely to cover 

* Dissertation on the Calal>rian Earthquake, &c., translated in 
Pmkerton's Voyalcs and Travels, vol.v. ^ 
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others; and disputes «arose as to, whom the property 
which had thus shifted its place sliould belong. 

From this account of Dolomieu we might^nticipate, 
as the result of a continuance 'of such earthquakes, hrst, 
a longitudinal valley following the line of junction of 
the older and newer ?ocks; secondly, greater dis- 
turbance in the newer strata near the point of contact 
than at a greater diKStance from the mountains ; phe- 
nomena very common in other parts of Italy at the 
junction of the Apenninc and Subapennine formations. 

The surface of the country often heaved, like the 
billows of a swelling sea, which produced a swimming 
in the head, like sea-sickness. It is particularly stated, 
in almost all the accounts, that just before each shock 
the clouds appeared motionless ; and, although no ex- 
planation is offered of this phenomenon, it is obviously 
the same as that observed in a ship at sea when it 
pitches violently/ The clouds seem arrested in their 
career as often as the vessel rises in a direction con- 
trary CO their course ; so that the Calabrians must have 
expenenced precisely the same motion on the land. 

Trees, supported by their trunks, sometimes bent 
during the shocks to the earth, and touched it with 
their tops. This is mentioned as a well-known fact by 
Dolomieu ; and he assures us that he was always on 
his guard against th^spirit of exaggeration in which 
the vulgar are ever i^feady to indwdge when relating 
these wonderful occurrences. 

I shall now consiiier, in the first place, that class of 
physical changes produced by the earthquake which 
are connected with alterations in the relative level of 
the different parts of the ^land ; and afterwards de- 
scribe those which are mere immediately connected 
wi|h the derangement of the regular drainage of the 
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country, and where the force iof running water co- 
operated with that of the earthquake. 

DijffwuWjf of ascertaining changes of leveL — In regard 
to alterations of relative* level, none of the accounts 
establish that they were on a considerable scale ; but 
it must always be remembered that, in proportion to 
the area mov^d is the difficulty of proving that the 
general level has undergone any change, unless the 
sea-coast happens to have participated in th^ 'principal 
movement. Even then it is often impossible' to deter- 
mine whether an elevation or depression even of seve- 
ral feet has occurred, because there is nothing to 
attract notice in a band of shingle and sand of unequal 
breadth above the level of the sea running parallel to 
a coast; such bands generally marking the point reached 
by the waves during spring tides, or the most violent 
tempests. The scientific investigator has not sufficient 
topographical knowledge to discover»whcther the ex- 
tent of beach has diminished on increased ; and he 
who has the necessary local information scarcely ever 
feels any interest in ascertaining the amount of the 
rise or fall of the ground. Add to this the great dif- 
ficulty of making correct observations, in consequence 
of the enormous waves which roll in upon a coast 
during an earthquake, and efface cveryjandmark near 
the shore. • 

Subsidence of the^Quay a/t^Melsina. — It is evidently 
in seaports alone that we can look for very accurate 
indications of slight changes of l<9i»^el ; and when we 
find them, we may presume that they would not be 
rare at other points, if equal facilities of comparing 
relathre altitudes were affotded. Grimaldi states (and 
his account is confirmed hy* Hamilton and otliers), that 
at Messina, in £icily, the shore was rent ; and the soil 
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along the^ port, whicii before the^shock was perfectly 
level, was found afterwards to be inclined towards the 
sea, — the sea itself near the “Banchina*' becoming 
deeper, and its bottom in several places disordered. 
The fjuay also sunk dpwn about fourteen inches below 
the level of the sea, and the houses in its vicinity were 
much fissured. (Phil. Trans. 1783.) 

Among various proofs of partial elevation and de- 
pressiiil'In the interior, the Academicians mention, in 
their 'Survey, that the ground was sometimes on the 
same level on both sides of new ravines and fissures, 
but sometimes there had been a considerable shilling, 
either by the upheaving of one side, or the subsidence 
of the other. Thus, on the sides of long rents in the 
territory of Soriano, the stratified masses had altered 
their relative position to the extent of from eight to 
fourteen palms (six to ten and a half feet). 

Polisteiui . — Shniiar shifts in the strata are alluded 
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to in the territory of .Polistena, wkere there appeared 
innumerable* fissures in the earth. One of these was 
of great lei^th and depth ; and in parts the level of 
the corresponding sides Was greatly changed. (Sec 
Fig. 31.) ^ , 

Terranmva , — In tfte town of Terranuova some 
houses were s^cn uplifted above the common level, 
and others adjoining sunk down into the earth. In 
several streets the soil appeared thrust up, and' 
against the walls of houses ; a large circular tower of 
solid masonry, part of which had withstood the gene- 
ral destruction, wj^s divided by a vertical rent, and one 
side was upraised, and the foundations heaved out of 
the ground. It was compared by the Academicians 
to a great tooth half extracted from the alveolus, w’ith 
the upper part of the fangs exposed. (See Fig. 32.) 



or “ fauW* in the rounA tmwr of T^rronuom in Calabi ia, occasioned hy 
I the cntlfujuahc of 1783. 
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Along the line of^this shift, otj “ fault, as it would 
be termed technically by miners, the walls were found 
to adhere firmly to each other, and to fit*^so well, that 
the only signs of their having been disunited was the 
want of correspondency in the courses of stone on 
either side of the rerft. 

Dolomicu saw a stone well in fhe» convent of the 
Augustins at, Terranuova, which had the appearance 
of havihg been driven out of the earth. It resembled 
a small tower eight or nine feet in height, and a little 
inclined. This effect, he says, was produced by the 
consolidation and consequent sinking of the sandy soil 
in which the well was dug. 

In some walls which had been thrown down, or 
violently shaken, in Monteleone, the separate stones 
were parted from the mortar, so as to leave an exact 
mould where they had rested; whereas in other cases 
the mortar waS ground^'fo dust between the stones. 

It appears that* the wave-like motions, and those 
which are called vorticose or whirling in a vortex, 
oflten produced* effects of the most capricious kind. 
Thus, in some streets of Monteleone, every house was 


thrown down one ; in otliers, all but two; and. the 
buildings which were spared were often scarcely in 
the least degree injured. 

Iti many cities c^&alabria,*al] the most solid build> 
ings were thrown down, white those which ^ere 
slightly built escaped ; but at Ilosarno, as also at Mes- 
sina in Sicily, itl^as precisely the referse, the massive 
edifices being the only^ones, that stood. Two obelisks 


placed, at tlt|^ ektreraities of a magnificent 
. ; in the convent of S. Bruno, ip Ja small town 

W'called Stefano del Bosco,^ere observed to have under- 
w.gone a movement of a singular l^d. The shock 
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Sfitfl in f/u’ {atones of two obelisks in the Convent of S. liruno 


which agitated the building is described as having 
been horizontal and vorticose. Tlie pedestal of each 
obelisk remained in its original 'place ; b\it the separate 
stones above were turned partially it)und, and removed 
sometimes nine inches from their position without 
falling. • 

Fissures . — It appears evident that a great part of 
the rending and fissuring of the ground was the effect 
of a violent motion from below upwards; and in a 
multitude of cases where the rents and chasms opened 
and closed alternately, We must suj^ose that tlie earth 
was by turns heaved nip, and then let fall again. We 
may conceive the sam^^ effect to be produced on a 
small scale, if, by some mechanical ibree, a pavement 
composed of large flags of storip should be raised up, 
and then allowed to fall sudd^y, so as to resume its 
original position. If any smafl pebbles happened tp be 
lying on the line of contact two flags, they would 
fall into the openjlig when the pavement rose, and be 

VOL. II. ^ ^ 
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swallowed up, so thf}t no trace of them would appear 
at'ter the subsidence of the stones. In the same man- 
ner, when the earth was upheaved, large houses, trees, 
cattle, and men were engulphed in an instant in chasms 
and fissures ; and when the ground sank down again, 
the earrh closed upon them, so that no vestige of them 
was discoverable on the surface. In many instances, 
individuals were swallowed up by one shock, and then 
thrown out again alive,^ together with large jets of 
water, by the shock which immediately succeeded. 

At Jerocarne, a country which, according to the 
Academicians, was lacerated in a most extraordinary 
manner, the fissures ran in every direction “ like 
cracks on a broken pane of glass ” (see Fig. 34.) ; and, 
as a great portion of them remained open after the 
shocks, it is very possible that this country was perma- 
nently upraised. It was usual, as we learn from Dolo- 
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micu, for the chasms^and fissures ^throughout Calabria 
to run parallel to the course of some pre-existing 
gorges in tl^ir neighbourhood. 

Houses engvlphed , — ]ii*the vicinity of Oppido, the 
central point from which the earthquake diffused its 
violent movements, many housq^* were swallowed up 
by the yawning earth, which closed immediately over 
them. In the adjacent district, also, of Cannamaria 
four farm-houses, Several oil-stores, and i!»ome spacious 
dwelling-houses were so completely engulphed in one 
chasm, that not a vestige of them was afterwards dis- 
cernible, The same phenomenon occurred at Tcrra- 
nuova, S. Christina, and Sinopoli. The Academicians 
state particularly, that when deep abysses had opened 
in the argillaceous strata of Terranuova, and houses 
Jiad sunk into them, the sides of the chasms closed 
with such violence, that, on excavating afterwards to 
recover articles of value, the workmen found the con- 
tents and detached parts of the ^buildings jammed 
together so as to become one compact mass. It is 
unnecessary to accumulate examples qf similar occur- 
rences ; but so many are well authenticated during 
this earthquake in Calabria, that we may, witlioul 
hesitation, yield assent to the accounts of catastrophes 
of the same kind repeated again and again in history, 
where whole towns are, declared to have been cn- 
gulphed, and nothing but a ppof^ water or tract (>f 
sand left in their place. , 

Chasm formed^ near Oppido, — Og the sloping side 
of a hill Qear Oppido a great chasm opened; and, 
although a large quantity pf so!l was precipitated into 
the al^ss, together with a^considerable number of 
olive-trees and part of a ^ great gulph 

remained after the shock, in the form of an araphi- 

• / N 2 



268 


EARTHQUAKK IN CALABKIA, 4783. [Bfwk H. 


theatre, 6vc hundr^^d feet long ^and two hundred feet 
deep. (See Tig. 8.5.) 

Dhnensmis of new fissures and chasms '^ — Accord- 
ing to Grimaldi, many fissures and chasms, formed by 
the first sliock of February 5th, were greatly widened 
lengthened, and deepened by the violent convulsions 
of March 28th. In the territory of San Fili this ob- 
server found a new ravine, half a rhile in length, two 
feet and a half broad, and twenty-five feet deep ; and 
anothelP'pf siinilur dimensions in the territory of Rbsarno. 
A ravine nearly a mile hngy 105 feet broad, and thirty 
feet deep, opened in the district of Flaisano, where, 
also, two gulphs w ere caused — one in a place called 
Cerzulle, three quarters of a mile long, 150 feet broad, 
and above one, humlred feet deep ; and another at La 
Fortuna, nearly a quarter of a mile long, above thirty 
feet in breadth, and no less than 225 feet deep. 
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In the distiict of Fosolano three *gulphs opened : one 
of tliese pleasured 300 feet square, and above 
thirty feet deep ; aiiothejr was nearly half a mile 
long, fifteen feet broad, and above thirty feet deep ; 
the third was 750 feet square. ^'Lastly, a calcareous 
mountain, called Zefirio, at the southern extremity of 
the Italian penhisula, was cleft in two for the length of 
nearly half a mile, and an irregular breadth of many 
feet. •Some of these chasms were in the for^ of a 
crescent. The annexed cut (Fig. 36.) repre^kits one 
by no means remarkable for its dimensions, which 
remained open by the side of a small pass over the hill 
of St. Angelo, near Soriano. The small river Mesima 
is seen in the foreground. 

Formation of new lakes . — In the vicinity of Semi- 
nara, a lake was suddenly formed by the opening of a 
great chasm, from the bottom of which water issued. 
This lake was called Lago del Tolfilo. It extended 
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1 785 feet in lengtli, by 9371 in breadth^ and 52 in 
depth. The inhabitants, dreading the miasma of this 
stagnant pool, endeavoured, at great cost, to drain it 
by canals, but without success, as it was fed by springs 
issuing from the bottom of the,.deep chasm. A small 
circular subsidence occurred not far from Polistena, of 
which a representation is given in Uie annexed cut. 



Circular pond near PoUstena^ in Calabria % caused by the earthquake tn 1783. 

Gradual closing in of ^fissures. — Sir W. Hamilton 
was shown several deep fissures in the vicinity of 
Mileto, which, although not one of them was above a 
foot in breadth, half|j»pened so wide during the earth- 
quake as to swallow up an ox anS nearly one hundred 
goats. The Academicians also found, on their return 
tl^rough districts* which they had passed at the com- 
mencement of their tour, that many rents bad, in that 
short interval, gradually closed in, so that theij; width 
had diminished several feet, and the opposite walls had 
sometimes nearly met. It is natural that this should 
happen in argillaceous strata, whilL in more iivolid 
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rocks, we may expeet that fissuK?s will remain open 
for ages. Should this be ascertained to be a general 
fact in countries convulsed by earthquakes, it may 
afford a satisfactory explanation of a common pheno- 
menon in mineral veins. Such vq^ns often retain their 
full size so long as the rocks ‘consist of limestone, 
granite, or other indurated materials ; but they con- 
tract their dimeni^ons, become mere threads, or are 
even entirely cut off, where masses of an argillaceous 
nature are interposed. If we su[>pose the tilling up 
of fissures with metallic and other ingredients to be a 
process requiring, ages for its completion, it is obvious 
that the opposite walls of rents, where strata consist of 
yielding materials, must collapse or approach very 
near to each other before sufficient time is allowed for 
the accretion of a large quantity of veinstone. 

Thermal waters angmerited, — It is stated by (jri- 
maldi, that the thermal waters of Sf. Eupheinia, in 
Terra di Amato, which first biu»st out during the 
earthquake of 1638, acquired, in February, 1783, an 
augmentation both in quantity and* degree of Ifeat. 
This fact appears to indicate a connection between the 
heat of the interior and the fissures caused by the 
Calabrian earthquakes, notwithstanding the absence of 
volcanic rocks, either ancient or modern, yi that district. 

Hounding of detachdi masses tkc air , — The vio- 

lence of the movement of flie ground upwards was 
singularly illustrated by what the Academicians call 
the “ sbalzo,” oi? bounding into the air, to the height 
of several yards, of masses ^lightly adhering to the 
surface. In some towns, a great part of the pave- , 
inent* stones were thrown up, and found lying with 
their lower sides uppermost. In these cases, we 
must suppose Jhat they were propelled upwards by 
/ K 4 
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the momentum which they had .acquired ; and that the 
adhesion of one end of the mass being greater than 
that of the other, a rotatory motion had bten commu- 
nicated to them. When the stone was projected to a 
sufficient height to perform somewhat more than a 
quarter of a rcvolutiol'i in the air, it pitched down on 
its edge, and fell with its lower side uppermost. 

Effects of earthquakes on the excavation of vallei/s. — 
The next class of effects to be considered^ are those 
more immediately connected with the formation of 
valleys, in which the action of water was often com- 
bined with that of the earthquakp. The country 
agitated was composed, as before stated, chiefly of 
argillaceous strata, intersected by deep narrow valleys, 
sometimes from five to six hundred feet deep. As 
the boundary cliffs were in great part vertical, it will 
readily be conceived that, amidst the various move- 
ments of the earth, the precipices overhanging rivers, 
being without support on one side, were often thrown 
down. We find, indeed, that inundations produced by 
obstructions in river-courses are among the most dis- 
astrous consequences of great earthquakes in all parts 
of the world ; for the alfuvial plains in the bottoms of 
valleys are usually the most fertile and well-peopled 
parts of the whole country ; and whether the site of a 
town is above or l)^w a tclnporary barrier in the 
channel of a river, it fs exposed to injury by the waters 
either of a lake or flood. 

Ijandslips, — From each side of the deep valley or 
ravine of Terranuova, enormous masses of the adjoin- 
ing flat country were detached, and cast down into the 
course“ the river, so as to give rise to great*lBkes. 
Oaks, olive-trees, vineyards, and corn, were often seen 
growing atnlie bottom of the ravlneAas little injured 
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as their forjner companions, whiWi still continued to 
flourish in the plain above, at least five hundred feet 
higher, and^at the distance of about three quarters of 
a mile. In one part of this ravine was an enormous 
mass, two hundred feqt high, and about four hundred 
feet at its base, which had been detached by some 
former earthquake^ It is well attested, that this mass 
travelled down the ravine nearly four .miles, having 
been put in motion by the 1}arthquake of the 5th of 
February, Hamilton, after examining the spot, de- 
clared that this phenomenon might be accounted for 
by the declivity of the valley, the great abundance of 
rain which fell, and the great weight of the alluvial 
matter which pressed behind it. Dolomieu also al- 
ludes to the fresh impulse derived from other masses 
falling, and pressing upon the rear of those first set in 
motion. 

The first account sent to Naples of the two great 
slides or landslips above alluded fo, which caused a 
great lake near Terranuova, was couched in these 
w^ords : — “ Two mountains on the op^msite sides of a 
valley walked from their original position until they 
met in the middle of the plain, and there joining to- 
gether, they intercepted the course of a river,’* &c. 
The expressions here used resemble singularly those 
applied to phenomena, probably analogous, which 
are said to have occurred at Fez, during the great 
Lisbon earthquake, as also in Jamaica and Java at 
other periods. * 

Not far from Soriano, whiqh was levelled to the 
ground by the great shock oj February, a small valley, 
containing a beautiful olive-grove, called Fra Ramondo, 
underwent a most extraordinary revolution. Innu- 
merable fissures mrst traversed the river-ptain in all 
^ N 5 
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directions, and abi^rbed the ’waiter until the argilla- 
ceous substratum became soaked, so that a great part 
of it was reduced to a state of fluid paste. Strange 
alterations in the outline of the ground were the con- 
sequence, as the soil to a great depth was easily 
moulded into any form. In addition to this change, 
the ruins of the neighbouring hilljs were precipitated 
into the hollqw; and while many olives were uprooted, 
others reioained growing on the fallen masses, ^and in- 
clined at various angles (see Fig. 58.). The small river 
Caridi was entirely concealed for many days; and 
when at length it reappeared, it hird shaped for itself 
an entirely new channel. 

Kijr- 



Vhanfii's f\f the surface at fra Itamondoy near SttiianOj in Calabi'ia- 
1. Portion of a hill co\4rcd v/ith olives thrown do)yn. 


2. New bed of the river Caridi. , 3. Town of Soriano. 

BuiMiifgs transported entire to qreat distances . — 
Near Seminara, an extensive olive-grpiind and ordiard 
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were hurled to a distance of twoHiundrcd feet, into a 
valley sixty feet in depth. At the same time a deep 
chasm was fiven in another part, of the high platform 
from which the orchard had been detached, and the 
river immediately entered the fissure, leaving its former 
bed complete!}' dry. A small iiAhabited house, stand- 
ing on the mass of earth carried down into the valley, 
went along with ,it entire, and without injury to the 
inhabitants. The olive-treesf, also, continued to grow 
on the land which had slid into the valley, and bore 
the same year an abundant crop of fruit. 

Two tracts of land on which a great i)art of' the town 
of Polistena stood, consisting of some hundreds of 
houses, were detached into a contiguous ravine, and 
nearly across it, about* half a mile from their original 
site ; and what is most extraordinary, several of the 
inhabitants were dug out from the ruins alive and 
unhurt. * 


Two tenements, near Mileto, cifilcd the Macini and 
Vaticano, about a mile long, nind half a mile broad, 
were carried for a mile down a valltey. A thatc^ied 
cottage, together with large olive and mulberry trees, 
most of which remained erect, were carried uninjured 
to this extraordinary distance. According to Hamil- 
ton, the surface removed had been long undermined by 
rivulets, which were afterwards in4ull view on the bare 
spot deserted by the tenements. The earthquake seems 
to have opened a passage in the adjoining argillaceous 
hills, which addiitted water charged with loose soil 
into the subterranean channels of the rivulets imme- 


diately under the teneraen^, so that the foundations 
of the ground set in motion by the earthquake were 
loosened. Another example of subsidence, where the 
edjfices were no( destroyed, is mentioned ^ Grimaldi, 

• N 6 
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as hav^g taken pla&e in the (d%y of Catenzaro, the 
capital of the province of that name. The houses in 
the quarter called San Giuseppe subsidAi with the 
ground to various depths from two to four feet, but the 
buildings remained uninjured. ^ 

It would be tedious,^ and our space would not permit 
us, to follow the different authors through their local 
details of landslips produced in minor valleys; but 
they are highly interesting, as showing to how^ great 
an extent tlie power of rivers to widen valleys, and to 
carry away large portions of soil towards the sea, is 
increased where earthquakes are of .periodical occur- 
rence. Among other territories, that of Cinquefrondi 
was greatly convulsed, various portions of soil being 
raised or sunk, and innumerable Bssures traversing the 
country in all directions (see Fig. 39.). Along the 
flanks of a small valley in this district there appears to 
have been an almost uninterrupted line of landslips. 
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Number 2f new-fofmed — Vivenzio states, that 
near Sitizzano a valley was nearly filled up to a leveV 
with the hi|h grounds on each side, by the enormous 
masses detached from the boundary hills, and cast 
down into the course pf two streams. By this barrier 
a lake was formed of great deptfi, about two miles long 
and a mile broac^. The same author mentions that, 
upon the wholes there were fifty lajfes occasioned 
during the convulsions ; and^ie assigns localities to all 
of these. The government surveyors enumerated 215 
lakes, but they included in this number many small 
ponds. ^ 

Currents of mud* — Near S. Lucido, among other 
places, the soil is described as having been “ dis- 
solved,” so that large torrents of mud inundated all 
tlie low grounds, like lava. Just emerging from this 
mud, the tops only of trees and of the ruins of farm- 
houses were seen. Two miles from Laureana, the 
swampy soil in two ravines became filled with calca- 
reous matter, which oozed out from the ground imme- 
diately before the first great shock. This mud, rapidly 
accumulating, began, ere long, to roll onward, like a 
flood of lava, into the valley, where the two streams 
uniting, moved forward with increased impetus from 
east to west. It now presented a breackh of 225 feet 
by fifteen in depth, and, befor§*it ceased to move, 
covered a surface c^ual in length to an Italian mile. 
In its progress it overwhelmed a flock of thirty goats, 
and tore up by the roots many olive and mulberry- 
trees, which floated like ships tipon its surface. When 
this ^Icareous lava had c^sed to move, it gradually 
became dry and hard, during which process the mass 
was lowered seven feet and a half. I|^ contained 
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fragments of earth of a ferruginous colour^ and emit- 
ting a sulphureous smell. 

Cone» of sand thrmsn wp.— Many of the appearances 
exhibited in the alluvial plains indicate clearly the al- 
ternate rising and sinking of the ground. The first 
effect of the more viAlent shocks was usually to dry 
up the rivers, but they immediately afterwards over- 
flowed their banks. Along the alluvial plains, and m 
marshy places,' an immeitse number of cones of sand 
were thrown up. TTiese appearances Hamilton ex- 
plains, by supposing that the first movement raised 
the fissured plain from below upwards, so that the 
rivers and stagnant waters in bogs sank down, or at 
least were not upraised with the soil. But when the 
ground returned with violence to its former position, 
the water was thrown up in jets through fissures.* 



Circular hoUlfWS in the plain oj Kosarmjm tnied earihquake of 1785 


^ Phil Trans., vol. Ixxiii. p.|80. 
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Formation of circular hollmvs.^ln the report of the 
Academy, we find tliat some plains were covered with 
circular lutllows, for the most part ^boiit the size of 
carriage- wheels, but often somewhat larger or smaller. 
When filled with water to withip a foot or two of the 
surface, they appeared like ^ells; but, in general, 
they were filled with dry sand, sometimes with a con- 
cave surface, anc/ at other times convex. (See fig. 40.). 
On digging down, they found them to be funnel-shaped, 
and the moist loose sand in the centre marked the 
tube up which the water spouted. The annexed cut 
represents a section of one of these inverted cones 
when the water had disappeared, and nothing but dry 
micaceous sand remained. 

Fig. 41. 



Section qf one qf the cij^cular hollmufifortttd in the plain qf Boeamo. 


Fall <f the sea cliffs » — Along the sea-coast of the 
straits of Messina, near the celebrated rock of Scilla, 
the fail of huge masses detached from the bold and 
lofl}^ cliffs overwhelmed mstfiy villas and gardens. At 
Gian Greco a coptinuous line of cliff, for a mile in 
length, was thrown down. Great agitation was fre- 
quently observed in the bed of the sea during the* 
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shocks, and, on tho^e parts of riie coast ^where the 
movement was most violent all kinds of fish were 
taken in abundance, and with unusual facihty. Some 
rare species, as that called Cicirelli, which usually lie 
buried in the sand, were taken, on the surface of the 
waters in great quantity. The sea is said to have 
boiled up near Messina, and to have been agitated as 
if by a copious discharge of vapours from its bottom. 

Share near SciUa inundated, ^ The Prince of ,Scilla 
had persuaded a great part of his vassals to betake 
themselves to their fishing-boats for safety, and he 
himself had gone on board. On the might of the 5th 
of February, when some of the people were sleeping 
in the boats, and others on a level plain slightly ele- 
vated above the sea, the earth rocked, and suddenly 
a great mass was torn from the contiguous Mount 
Jaci, and thrown down with a dreadful crash upon the 
plain. Immediately afterwards, the sea, rising more 
than twenty feet dbove the level of this low tract, 
rolled foaming over it, and swept away the multitude. 
It then retreated, but soon rushed back again with 
greater violence, bringing with it some of the people 
and animals it had carried away. At the same time 
every boat was sunk or dashed against the beach, and 
some of them were swept far inland. The aged 
Prince, with 14*30 df^his 'people, was destroyed. 

Strd» of Stromholi and Etna during the shocks , — 
The inhabitants of Pizzo remarked fliat, on the 5th of 
February, 1783, when the first great* shock afflicted 
Calabria, the volcano qf Stromboli, which is in full 
view of that town, and tH^the distance of about fifty 
miles, smoked less, and threw up a l^s quantity of 
inflamed matter, than it hdd done for some years pre- 
viously. On the other hand, the gre^ crater of Etpa 
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is said to have given out a considerable quantity of 
vapour towards the beginning, and Stromboli towards 
the close, the commotions. 3ut as no eruption 
happened from either of tfiese great vents during the 
whole earthquake, the sources of the Calabrian con- 
vulsions, and of the volcanic fire* of Etna and Strom- 
boli, appear to, be very independent of each other ; 
unless, indeed, th^'y have the same mutual relation as 
Vesuvius and the volcanos (#1* the Phlegrgcan Fields 
and Ischia, a violent disturbance in one district serving 
as a safety-valve to the other, and both never being in 
full activity at onge. 

Excavation of valleys. — It is impossible for the 
geologist to consider attentively the effect of this 
single earthquake of 178.S, and to look forward to the 
alterations in the physical condition of the country to 
which a continued series of such movements will here- 
after give rise, without perceiving that* the formation 
of valleys by running water can newer be understood, 
if we consider the question independently of the 
agency of earthquakes. Rivers do not begin to act, 
as some seem to imagine, when a country is already 
elevated far above the level of the sea, but while it is 
rising or sinking by successive movements. Whether 
Calabria is now undergoing any considej*able change 
of relative level, in regard to the sea, or is, upon the 
whole, nearly stationary, is if question which our ob- 
servations, confineij:#lmost entirely to the last half 
century, cannot possibly enable us to determine. But 
we know that strata, containing species of shells iden- 
tical with those now living iq^ifthe contiguous parts of 
the Mediterranean, have been raised in that country, 
as they have in Sicily, to the height of several thousand 

feet. * 

» 
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Now, those geologists who grant that^the present 
course of Nature in the inanimate world has been un- 
changed since the existing species of aniftials were in 
being, will not feel surprise that the Calabrian streams 
and rivers have cut put of such comparatively modern 
strata a great system'of valleys, varying in depth from 
fifty to six hundred feet, and often several miles wide, 
if they consider how numerous myst have been the 
earthquakes which lifteVl those recent marine^ strata 
to so prodigious a height. Some speculators, indeed, 
who disregard the analogy of existing Nature, and 
who are always ready to assume that her forces were 
more energetic in by-gone ages, may dispense with a 
long scries of movements, and suppose that Calabria 
“ rose like an exhalation ” from the deep, after the 
manner of Milton’s Pandemonium. But such an 
hypothesis would deprive them of that peculiar re- 
moving force 'required to form a regular system of 
deep and wide vidleys; for which they are so 
unwilling to assume, is essential to the operation. 
Time must be allowed in the intervals between dis- 
tinct convulsions, for running water to clear away the 
ruins caused by landslips, otherwise the fallen masses 
will serve as buttresses, and prevent the succeeding 
earthquake i^om exerting its full power. The sides of 
the valley must b» again cut &way by the stream, and 
nia^ to form precipices' and overhanging cliffs, before 
the next shock can take effect inJm same manner. 

If a single violent convulsio^il||^tate at once an 
entire hydrographical ^basin, or if the shocks follow 
each other too rapidly, previously existing valleys 
will be annihilated, instead of being modified and en- 
larged. Every stream w^H in that ^se be compelled 
to begin its operations anew, and ter open for itself a 

1 
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passage through strato before unllisturbcd, instead of 
continuing to deepen and widen channels already in 
great part Excavated. On the tother hand, if, con- 
sistently with all that is known* from observation of 
the laws which regulate subterranean movements, we 
consider their action to have been intermittent; if 
sufficient periods have always intervened between the 
severer shocks to allow the drainage of the country to 
be nearly restored to its original state, then both the 
kind and degree of force arc supplied which may 
enable running water to hollow out a valley of any 
depth and size co’asistent with the degree of elevation 
above the sea which the district in question may 
happen at any time to have attained during a suc- 
cession of physical revolutions. 

Notwithstanding the great derangement caused by 
violent earthquakes, there is an evident tendency in 
running water to remain constant to *the same con- 
nected series of valleys. The softening of the soaked 
soil is invariably greatest in the channels of rivers and 
in alluvial plains. The water is absorbed in an infinite 
number of rents ; and when the ground is swelled 
with water, it is reduced almost to a state of mud by 
the vehement agitation of the ground in every direc- 
tion, and often for several years consecutively. The 
erosive and transporting action running water is, 
therefore, facilitated In the tracts already excavated. 

When we read^™ the drying up and desertion of 
the channels of*rPe^rs, the accounts most frequently 
refer to their deflection into pome other part of the 
same jalluvial plain, perhaps’ several miles distant. 
Under certain* circumstances, a change of level may 
undoubtedly fortjp the wateV to flow over into some 
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distinct hydrographical basin ; ^ut even then it will 
fall immediately into valleys already formed. Pro- 
vided, therefore, wq suppose the elevation and sub- 
sidence of mountairi-chains to be a gradual process, 
there is no difficulty in explaining how the rivers 
draining large continents have converted ravines into 
valleys, and enlarged and deepened valleys to an 
enormous extent. On the contrary^ the signs of slow 
and gradual action so manifest in the sinuosities and 
other characters of valleys, are admirably reconcileable 
with the great width and depth of the excavations, if 
we are content not only to suppose ^ great succession 
of ordinary earthquakes, but also the usual intervals of 
time between the shocks. 

It may be observed, that earthquakes alone could 
never give rise to a regular system of valleys ramifying 
from a main trunk, like the small vessels from the 
great arteries of the human body. On the contrary, 
they would in the course of time destroy every system 
of valleys on the globe, were it not for the agency of 
aqueous causes. We learn from history that, ever 
since the first Greek colonists settled in Calabria, that 
region has been subject to devastation by earthquakes ; 
and, for the last century and a half, ten years have 
seldom elapsed without a shock : but the severer con- 
vulsions have not^nly ‘been separated by intervals of 
twenty, fifty, or orife hundred years ; but have not af- 
fected precisely the same points ^en they recurred. 
Thus the earthquake of 1 783, although confined 
within the same geographical limits as that of 1638, 
and not very inferior in violence, visited, according to 
Grimaldi, very different districts. The points Vhere 


the local intensity of the Arce is developed being thus 
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perpetually varied, n\ore time is allowed for the re- 
moval of se^larate mountain masses thrown into river 
channels by #ach shock. , 

When chasms and deep hollow* open at the bottom 
of valleys, they must often be filled with those mud 
lavas ” before described*; and these must be extremely 
analogous to the enormous ancient deposits of mud 
whicli arc seen in •many countries, as in the basin of 
the Tay, Isla, and North Esk rivers, for example, in 
Scotlarfd — alluvions hundreds of feet thick, which arc 
neither stratified nor laminated like the ordinary sedi- 
ment which subsides from water. Whenever a land- 
slip blocks up a river, these currents of mud will be 
arrested, and accumulate to an enormous depth. 

The portion of the Calabrian valleys formed within 
the last three thousand years may be inconsiderable 
in amount, compared to that previously formed, just 
as the lavas which have flowed from Etna since the 
historical era constitute but a smaU proportion of the 
whole cone. But as a continued series of sucli erup- 
tions as man has witnessed would reproduce another 
cone like Etna, so a sufficient number of earthquakes 
like that of 1783 would enable torrents and rivers to 
re-excavate all the Calabrian valleys, if they were 
now to be entirely obliterated. It must be evident 
that more change is effected Mn* tv^^) centuries in the 
width and depth of tbe valley® of 'that region, than in 
many thousand y^s in a country as undisturbed by 
earthquakes as Great Britain. For the same reason, 
therefore, that he who desires to comprehend the 
volcanic phenomena of Central France will repair to 
Vesuvius, Etn^, or Hccla, sfo they who aspire to ex- 
plain the mode in which valleys are formed, must 
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visit countries where earthquakes are of frequent 
occurrence. For we may be assured, thht the power 
wliich uplifted our^ more ancient tertiacy strata of 
marine origin to mose than* a thousand feet above the 
level of the sea, co-operated at some former epoch 
witli the force of rivers in the removal of large por- 
tions of rock and soil, just as the elevatory power 
which has upraised new strata to the height of several 
thousand feet' in the south of Italy has caused those 
formations to be already intersected by deep Valleys 
and ravines. 

Number of persons wlm perisiml during the earth- 
q^mke , — The number of persons who perished during 
the earthquake in the two Calabrias and Sicily is 
estimated by Hamilton at about forty thousand, and 
about twenty thousand more died by epidemics, which 
were caused by insufficient nourishment, exposure to 
the atmosphere, and malaria, arising from the new 
stagnant lakes and pools. 

By far the greater number were buried under the 
ruins of their, houses ; but many were burnt to 
death in the conflagrations wliich almost invariably 
followed the shocks. These fires raged the more 
violently in some cities, such as Oppido, from the 
immense magazines of oil which were consumed. 

Many persons engulphtf^d in deep fissures, espe- 
cially the peasantSji^hcn dying across the open country, 
and their skeletons may perhaps be buried in the eartli 
to this day, at the depth of several liAindred feet. 

When Dolomieu visited Messina after the shock of 
Feb. 5th, he describes' the city as still presenting, at 
least at a distance, an iidperfect image of its ancient 
s{dendour. Every house was injured, but the walls 
#ere standing ; the whole populatioli had taken refuge 
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in wooden huts in the neighbourliyod^ and all was soli^ 
tude and silence in the streets: it seemed as if the city 
had been desolated by the plague^ and the impression 
made upon his feelings was that of melancholy and 
sadness. ** But when 1 passed over to Calabria, and 
first beheld Polistena, the scene jof Jiorror almost de- 
prived me of my faculties ; my mind was filled with 
mingled compassicti and terror : nothing had escaped ; 
all was levelled with the dust/; not a sihgle house or 
piece 6f wall remained ; on all sides were heaps of 
stone so destitute of form, that they gave no concep- 
tion of there ever having been a town on the spot. 
The stench of the dead bodies •still rose from the 
ruins. 1 conversed with many persons who had been 
buried for three, four, and even for five days ; I ques- 
tioned them respecting their sensations in so dreadful 
a situation, and they agreed that, of all the physical 
evils they endured, thirst was the most intolerable ; 
and that their mental agony was increased by the idea 
that they were abandoned by their friends, who might 
have rendered them assistance.’' * • 

It is supposed that about a fourth part of the inha- 
bitants of Polistena, and of some other tow ns, were 
buried alive, and might have been saved had there 
been no want of hands ; but in so general a cala- 
mity, where each was occupied wit^J his own misfor- 
tunes, or those of lys family, a/d could rarely be 
obtained. Neither tears, nor supplications, nor pro- 
mises of high fewards, were listened to. Many 
acts of self-devotion, prompted by parental and con- 

* Diifsertation on the Calabrian 'Barlhquake, &c. translated in 

Pinkerton’s Voyages and Travels, yol. \ . 
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jugal tenderness, o\:, by friendship, or the gratitude of 
faithful servants, are recorder; but individbal exertions 
were, for the most part, ineffectual. It fre^juently hap- 
pened, that persons «in search of those most dear to 
them could hear their moans, — could recognize their 
voices, — were certain»of the exact spot where they lay 
buried beneath their feet, yet could afford them no 
succour. The piled mass resisted' all their strength, 
and rendered their efforis of no avail. 

At Terranupva, four Augustin monks, who had taken 
refuge in a vaulted sacristy, the arch of which conti- 
nued to support an immense pile of ruins, made their 
cries heard for the space of four days. One only of 
the brethren df the whole convent was saved, and “ of 
what avail was his strength to remove the enormous 
weighty of rubbish which had overwhelmed his com- 
panions ? ” He heard their voices die away gradually ; 
and when afterwards their four corpses were disin- 
terred, they were. found clasped in each other’s arms. 
Affecting narratives are preserved of mothers saved 
after the fifth, .sixth, and even seventh day of their 
interment, when their infants or children had perished 
with hunger. 

It might have been imagined that the sight of suf- 
ferings such as these would have been sufficient to 
awaken sentiments of humanity and pity in the most 
savage breasts, but'^hotheng could exceed the atrocity 
of conduct and moral depravity displayed by the Cala- 
brian pedants : they abandoned the farms, and flocked 
in great numbers into the towns — not to rescue their 
countrymen from a lingering death, but to plunder. 
They dashed through th’te streets, fearless of Sanger, 
amid tottering walls and clouds of dust, trampling 
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beneath their feet thfi bodies of the wounded and half 
buried, and*ofiten stripping them, while yet living, of 
their clothe«.* , * ' 

Concluding remarks. — But to«enter more fully into 
these details would be foreign tp the purpose of the 
present work, and several volumfes would be required 
to give the reader a just idea of the sufferings which 
the inhabitants of ftiany populous districts have under- 
gone during the earthquake^ of the last ^140 years. 
A bare mention of the loss of life — as that fifty or a 
hundred thousand souls perished in one catastrophe — 
conveys to the reader no idea of the extent of misery 
inflicted : we must learn, from the narratives of eye- 
witnesses, the various forms in which death was en- 
countered, the numbers who escaped with loss of limbs 
or serious bodily injuries, and the multitude w^o were 
suddenly reduced to penury and want. It has been 
often remarked, that the dread of earthquakes is 
strongest in the minds of those who have experienced 
them most frequently ; whereas, in the case of almost 
every other danger, familiarity with peril renders men 
intrepid. The reason is obvious — scarcely any part 
of the mischief apprehended in this instance is ima- 
ginary ; the first shock is often the most destructive ; 
and, as it may occur in the dead of tho^night, or if 
by day, without giving •the lea^ wrning of its ap- 
proach, no forethouglil can guard a^inst it ; and when 
the convulsion has begun, no skill, or courage, or 
presence of mind^ can point out the ]!>ath of safety. 
During the intervals, of uncertain duration, between 
the more fatal shocks, slight^ tremors of the soil are 
not unftequent ; and as these* sometimes precede more 
• • 

Dolomieu, ibid. 
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violent convulsions, I’ley become ^ a source of anxiety 
and alarm. The terror arising from this cause alone is 
of itself no incdiKsi durable evil. u 

r 

Although sentiments of pure religion are frequently 
awakened by these .awful visitations, yet we more 
commonly find that an habitual state of fear, a sense 
of helplessness, and a belief in the futility of all human 
exertions, prepare the minds of the. vulgar for the in- 
fluence of a demoralizing superstition. 

Whore earthquakes are frequent, there can* never 
be perfect security of property under the best govern- 
ment ; (or industry cannot be assured of reaping the 
fruits of its labour ; and the most daring acts of outrage 
may occasionally be perpetrated with impunity, when 
the arm of the law is paralysed by the general constern- 
ation. it is hardly necessary to add, that the progress 
of civilization and national wealth must be retarded by 
convulsions wlVich level cities to the ground, destroy 
harbours, render nvads impassable, and cause the most 
cultivated valley-plains to be covered with lakes, or 
the ruins of adjoining hills. 

Those geologists wlio imagine that, at remote periods 
ere man became a sojourner on earth, the volcanic 
agency was more energetic than now, should be care- 
ful to found {heir opinion on strict geological evidence, 
and not permit thomseltes to ^e biassed, as they have 
often bq^Ein, by a notion, 6iat the disturbing force would 
probably be mitigated for the sake of man. 

I shall endeavour to point out in the sequel, that the 
general tendency of s^ubterranean movements, when 
their effects are considered for a sufficient lapse of 
ages, is eminently beneficial, and that they constitute 
an essential part of thapfc raechanieni by which the 
integrity of the habitable surface is preserved, and tlie 
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very existence and perpetual ion^of dry land secured. 
Why the working of this same machinery should be 
attended witfli so much evil, is a» mystery far beyond 
the reach of our philosophy, anfl must probably re- 
main so until we are permitted to. investigate, not our 
planet alone and its inhabitants, but other parts of the 
moral and material universe with which they may be 
connected. CoulJ our survey embrace other worlds, 
and the events, not of a few centuries only, but of 
periods as indefinite as those with which geology ren- 
ders us familiar, some apparent contradictions might 
be reconciled, and, some difficulties would doubtless be 
cleared up. But even then, as our capacities are finite, 
while the scheme of the universe may be infinite, both 
in time and space, it is presumptuous to suppose that 
all sources of doubt and perplexity would ever be re- 
moved. On the contrary, they might, perhaps, go on 
augmenting in number; for it has been justly said, that 
the greater the circle of light, the greater the bound- 
ary of darkness by which it is surrounded.* 


• Sir II. Davy, Consolations in Travel, p.246'. 
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CHAPTER XVI. 

<*5 

EARTH Qt’AKKS OF THE EIGHTEENTH CljfNT'HRY Continued, 

' \ 

Earthquake of Guatimala, 1773 — Java, 1772 — Truncation of a 
lofty cone ~ St. Domingo, 1770 — Colombia, 1766 — Lisbon 
17^5 — Shocks felt throughout Europe, Northern Africa, and 
the West Indies — Great wave (p. 298.) — Conception Bay, 
1750 — I^crmanent elevation — Peru, 1746 — Kamtschatka, 
1737 — Java, 1699 (p. 304.) — Rivers obstructed by landslips — 
Subsidence in Sicily, 1693 — Moluccas, 1693 — Jamaica, 1692 
— Large tracts cngulphed— -Portion of Port Royal sunk — 
Amount of change in the last 140 years — Elevation and sub- 
sidence of land in Bay of Baiae (p. 312.) — Evidence of tlie 
same adbrdcd ky the Temple of Serapis. 


In the preceding chapters we have considered a small 
part of those earthquakes only which have occurred 
during the last fifty years, of which accurate and 
authentic descriptions happen to have been recorded* 
We may next proceed to examine some of earlier 
date, respeepng which information of geological inte- 
rest has obtained.* * 

Mexico^ June^ ITVs. The town of Guatimala was 
founded, in 1742, on the side of a volcano, in a valley 
about three miles wide, opening to» the South Sea ; 
nine years afterwards it was destroyed by an earth- 
quake, and again, in 17^3, during an eruption of the 
volcano. The ground oii which the town stood gaped 
open in deep fissures, until at length, after five days, 
an abyss opened, and the city, wiw all its riches, and 
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eight tliousj^nd families, was swallowed up. Every 
vestige of its former existence was entirely obliterated, 
and the sp6t is now indicated by a fr^htful desert, 
four leagues distant from the prdfeent town.* 

Java^ 1772 — Trunegtion of a%lofty cone. — In the 
year 1772, Papandayang, formcVly one of the loftiest 
volcanos in the island of Java, was in eruption. Be- 
fore all the inhabitants on the declivities of the moun- 
tain cQuld save themselves by flight, the ground began 
to give way, and a great part of the volcano fell in 
and disappeared. It is estimated that an extent of 
ground of the mountain itself and its immediate envi- 
rons, fifteen miles long and full six broad, was by this 
commotion swallowed up in the bowels of the earth. 
Forty villages were destroyed, some being cngulphed 
and some covered by the substances thrown out on this 
occasion, and 2957 of the inhabitants perished. A 
proportionate number of cattle were Mso killed, and 
most of the plantations of cotton,** indigo, and coffee 
in the adjacent districts were buried under the volcanic 
matter. This catastrophe appears to ’have resembled, 
although on a grander scale, that of the ancient Vesu- 
vius in the year 79. The cone was reduced in height 
from nine thousand to about five thousand feet; and, as 
vapours still escape from the crater on ^ts summit, a 
new cone may one dajf rise but the ruins of the 
ancient mountain, as* the mJdcrn Vesuvius has risen 

from the remains of Somma.-l' 

• 

• Von Iloff — Dodsley’s Ann. Regist., vol. xvi. p. 149. 

f Dr. Horsiield, Batav. Trans., A)1. viil. p. 26, Dr. H. in- 
forms ii(}e that he has seen this tmjjfcatcd mountain ; and, though 
he did not ascend it, he has conversed with those who.have exam- 
ined it. Baffler’s amount (Uistdiy of Java, voi. i.) is derived 
from Horsfield. 

o 3 
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Caucasus, 1772.-«< About the j^ear 1772, an earth- 
quake convulsed the ground in the province at Beshtau, 
in the Caucasus, sor that part of the hiil Metshuka 
sunk into an abyss.*® 

St. Domingo, 177|0. — During a tremendous earth- 
quake which destroyed a great part of St. Domingo, 
innumerable fissures werfe caused throughout the 
island, from which mephitic vapo\irs emanated and 
produced an epidemic.'* Hot sjmngs burst forth in 
many places. where there had been no water fcefore; 
but after a time they ceased to flow.f 

Colmnbia, 1766. — On the 21st ,of October, 1766, 
the ground was agitated at once at Cumana, at Carac- 
cas, at Maracaybo, and on the banks of the rivers 
Casanare, the Meta, the Orinoco, and the Ventuario. 
These districts were much fissured, and great fallings 
in of the earth took place in the mountain Paurari : 
Trinidad was iMolently shaken. A small island in the 
Orinoco, near the rock Aravacoto, sunk down and dis- 
appeared4 At the same time the ground was raised 
in the sea nejar*Cariaco, where the Point Del Gardo 
was enlarged. A rock also rose up in the river 
Guarapica, near the village of Maturin.§ The shocks 
continued in Colombia hourly for fourteen months. 

Hindostan^ 1762 — The town of Chittagong, in 
Bengal, was violaitly fehakeif by an earthquake, on 
the 2d of April 1762, ‘the earth opening in many 

places, and throwing up water and mud of a sulphu- 

• 

* Pallas’s Travels in Southern Russia. 

Essai surf Hist. Nat. dc ITslede St.Domingue, Paris, 1770. 

f Jlumboldt’s Personal Nffi^ativc, vol. iv. p. 45 . ; an^ Saggio 
0 l^toria Americana, vol. ii. p. 0. 

§ Humboldt, Voy. Relat. Rist., part i. S07. ; and part ii. 
P‘ 23. ' 
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reous smell. At a j^lace called l^ardavan a large river 
was dried *up ; and at Bakar Churak, near the sea, a 
tract of gaound sunk down, anjl 200 people with all 
their cattle were lost. U’hfathcmable chasms are de- 
scribed as remaining open in many places after the 
shocks, and towns which subsided several cubits were 
overflowed with water ; among others, Deep Gong, 
which was submerged to the depth of seven cubits. 
Two volcanos are said to hAvc opened in the Sccta 
Cunda hills. The shock was also felt at Calcutta.* 

Lisbon, 1755. — In no part of the volcanic region of 
southern Europe has so tremendous an earthquake 
occurred in modern times as that which began on the 
ist of November, 1755, at Lisbon. A sound of 
thunder was heard underground, and immediatel)'^ 
afterwards a violent shock threw down the greater 
part of that city. In the course of about six minutes, 
sixty thousand persons perished, The» sea first retired 
and laid the bar dry ; it then rolled in, rising fifty feet 
or more above its ordinary level. The mountains of 
Arrabida, Estrella, Julio, Marvan, ^md Cintra, being 
some of the largest in Portugal, were impetuously 
shaken, as it were, from their very foundations ; and 
some of them opened at their summits, which were 
split and rent in a wonderful manner, huge masses of 
them being throw'ii dnwn into thg^subjacent valley s.f 
Flames are related.,to have* issutjd from these moun- 
tains, which arc supposed to have been electric ; they 
are also said toJiave smoked ; but vast clouds of dust 
may have given rise to this appearance. 

f 

• Bodslcy’s Ann. Ilegist., 176^. For other particulars, see Phil. 
Trans., vol. liii. . • , 

f Hist, and Phlos, of Earthquakes, p. 317. 

O 4 



296 FARXpQUAKE OF LISBO^, 175% H. 

Subsidence of the — Thp most extraordinary 
circumstance which occurred at Lisbon Muring the 
catastrophe was the .subsidence of a newiquay, built 
entirely of marble at» an immense expense. A great 
concourse of people had collected there for safety, as 
a spot where they might be beyond the reach of falling 
ruins ; but, suddenly,' the quay sank down with all the 
people on it, and not one of the Mead bodies ever 
floated to the Surface. A great number of boats and 
small vessels anchored near it, all full of people', were 
swallowed up, as in a whirlpool.* No fragments of 
these wrecks ever rose again to the surface, and the 
water in the place where the quay had stood is stated, 
in many accounts, to be unfathomable ; but White- 
hurst says, he ascertained it to be one hundred 
fathom s.t 

In this case, we must cither suppose that a certain 
tract sank down into a subterranean hollow, which 
would cause a f^ult*’ in the strata to the depth of 
six hundred feet, or we may infer, as some have done, 
from the entire of the substances en- 

gulphed, that a chasm opened and closed again. Yet, 
in adopting this latter hypothesis, we must suppose 
that the upper part of the chasm, to the depth of one 
hundred fathoms, remained open. 

Area4gver ^whiej^ the « earthquake extended. — The 
great area over which this Lisbon earthquake extended 
is very remarkable. The movement was most violent 
in Spain, Portugal, and the north iof Africa ; but 
nearly the whole of Europe, and even the West Indies, 

• Rev. C. Davy’s Letters, v^. ii. Letter ii. p. 12., who,was at 
Lisbon at the time, and ascertained that the boats and vessels said 
to baVftbeen swallowed were mibsing. 

the Formation of the Earth, p. 55. 
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felt the shock on the, same day. seaport, called St. 
Ubes, aboift twenty miles south of Lisbon, was cn- 
gulphcd. At Algiers and Fez, in Africa, the agitation 
of the earth was equally vi61ent; and at the distance of 
eight leagues from Morocco, a village with the inha- 
bitants to the number of about *eight or ten thousand 
persons, together with all their cattle, were swallowed 
up. Soon after ftjfe earth closed again over them. 

Shocks felt at sea. — The ^lock was Tel t at sea, on 
the deck of a ship to the west of Lisbon, and produced 
very much the same sensation as^.on dry land. Off St. 
Lucar, the captain of the ship Nancy felt his vessel so 
violently shaken, that he thought she had struck the 
ground; but, on heaving the lead, found a great depth 
of water. Captain Clark, from Denia, in latitude 
.S()° 24?' N., between nine and ten in the morning, 
had his ship shaken and strained as if she had struck 
upon a rock, so that the seams of the detik opened, and 
the compass was overturned in the binnacle. Another 
ship, forty leagues west of St. Vincent, experienced so 
violent a concussion, that the men we^e thrown a foot 
and a half perpendicularly up from the deck. In 
Antigua and Barbadoes, as also in Norway, Sweden, 
Germany, Holland, Corsica, Switzerland, and Italy, 
tremors and slight oscillations of the ground were felt. 

Hate at which the movemmt twv^Xk ^- — 'the agitation 
of lakes, rivers, and firings, in Great Britain, was re- 
markable. At Loch Lomond, in Scotland, for cxadiple, 
the water, without the least apparent cause, rose 
against its banks, and then subsided below its usual 
level. The greatest perpendicular height of this swell 
was tv^o feet four inches, it is said that the move- 
ment of this earthqttake was undulatory, and that it 
travelled at the rate of twenty miles a minute, its 
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velocity being calculfitecl by the intervals between the 
time when the first shock was felt at Lisbon, and its 
time of occurrence a/, other distant p1aces<f^ 

Great toare and retreat ^ the sea. — A great wave 
swept over the coast, of Spain, and is said to have been 
sixty feet high at Cifdiz. At Tangier, in Africa, it 
rose and fell eighteen times on the ^oast. At Fun- 
chal, in Madeira, it rose full fifteen ^eet perpendicular 
above high-wa*tcr mark, ''although the tide, which ebbs 
and flows there seven feet, was then at half ebb. 
Besides entering the city, and committing great havoc, 
it overflowed otlier seaports in the ^island. At Kin- 
sale, in Ireland, a body of water rushed into the har- 
bour, wliirled round several vessels, and poured into 
the market-place. 

It was belbre stated that the sea first retired at 
Idsbon ; and this retreat of the ocean from the shore, 
at the commerftjemcnt of an earthquake and its subse- 
quent return in a«violeiit vi^ave, is a common occur- 
rence. In order to account for the phenomenon, 
Michel! imagined a subsidence at the bottom of the 
sea, from the giving way of the roof of some cavity 
in consequence of a vacuum produced by the con- 
densation of steam. Such condensation, he observes, 
might be th^ first effect of the introduction of a large 
body of water int« fissifres aifd cavities already filled 
wit 1|^ steam, before therd has be«n sufficient time for 
thereat of the incandescent lava to turn so large a 
supply of water into steam, wdiich being soon accom- 
plished qahses a greater explosion. 

Another proposed cxinanation is, the sudden rise of 

• • 

* ^lichcil on tile Cauise and "Phenomena Bartliqiiakes, Phil. 
Trails., vol. li. p. 1760 . 
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the land which would cause the gea to abandon imme- 
diately thd ancient line of coast; and if the shore, 
after beings thus heaved up, should fall again to its 
original level, the ocean Would Return. This theory, 
however, will not account for the facts observed during 
the Lisbon earthcpiake’; for tho retreat preceded the 
wave, not only on the coast of Portugal, but also at 
the island of Mialeira, and several other places. If 
the upheaving of the coast oPPortugaHiad caused the 
rctredt, the motion of the waters, when propagated to 
Madeira, would have prodiiced-a wave previous to the 
retreat. Nor could the motion of‘ the waters at Ma- 
deira have been caused by adilFcrent local eartliquake; 
for the shock travelled from Lisbon to Madeira in two 
hours, which agrees with the time which it recpiired 
to reach other places equally distant.* 

The following is, perhaps, the most probable solution 
of tlic problem which has yet been offered: — Suppose 
a portion of the bed of the sea to be suddenly up- 
heaved, the first effect will be to raise over the ele- 
vated part a body of water, the morrjentum of which 
will carry it much above the level it will afterwards 
assume, causing a draught or receding of the water 
from the neighbouring coasts, followed immediately 
by the return of the displaced water, which will also 
be impelled by its nionien^uit], inuch farther and 
higher on the coast than its former lev el. f 

St. JJominffo, 1751. — On the 15th of September, 
1751, an earthquake began in several of the West 
India Islands ; and on the ^Ist of Novembei'j^a violent 
shock destroyed the capital^ o*f St. Domingo, Port au 

♦ MichelljPhil. Trans.« vol. li. p.614. 

j* Quarterly Review, No. 8C. p.459. 
o 6 
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Prince. Part of the^ coast, twenty leagues in length, 
sank down, and has ever since formed a Wy of the 
sea.* ^ , 

Chili, 1750. — On ^fhe 24»th of May, 1750, the an- 
cient town of Conception, otherwise called Penco, 
was totally destroyed ^y an eaVthquake, and the sea 
rolled over it. The *ancient port was rendered en- 
tirely useless, and the inhabitants buift another town 
ten miles from the sea-toast, in order to be beyond 
the reach of similar inundations. ' 

Proofs of elet^ation of twenty four feet , — During a late 
survey of Conception Bay, Captains Beechey and 
Beldher discovered that the ancient* harbour, which 
formerly admitted all large merchant vessels which 
went round the Cape, is now occupied by a reef of 
sandstone, certain points of which project above the 
sea at low water, the greater part being very shallow. 
A tract of a mile and a half in length, where, accord- 
ing to the report jof the inhabitants, the water was 
formerly four or five fathoms deep, is now a shoal ; 
consisting, as ouj* hydrographers found, of hard sand- 
stone, so that it cannot be supposed to have been 
formed by recent deposits of the river Biobio, an arm 
of wjiich carries down loose micaceous sand into the 
same side of the bay. Besides, it is a well-known 
fact that ever siqpe •the shock of 1750, no vessels 
have b6ien able to if^proach witlyn a mile and a half 
of the ancient port of Penco. That shock, therefore, 
uplifted the bed of the sea to the li^ight of twenty- 
four feet at the least, and, most probably, the adjoining 
coast shafed in the elevhtion : for an enormous bed of 
shells of the same specie^ as those now living in the 
• ‘ ' 

* Hist, de TAcad. des Sciences. 175S. Paris. % 



h.XYl.3 


9 


IN CONCEPTION BAJ. 


301 


bay, are seen raised above high-^Jater mark along the 
beach, fillefl with micaceous sand like that which the 
Biobio now^conveys to tlie bay. ^ These shells, as well 
as others, which cover the Udjoiniiig hills of mica-schist 
to the height of from KXK) to 1500 feet, have lately 
been examined by experienced coiichologists in London, 
and identified with those taken at the same time in a 
living state from Irhc bay and its neighbourhood.* 

Ulloa, therefore, was perfectly correct in his state- 
ment' that, at various heights above the sea between 
Talcaguana and Conception, “mines were found of 
various sorts of shells used for lime of the very same 
kinds as those found in the adjoining sea.’* Among 
them he mentions the great mussel called C'horos, and 
two others, which he describes. Some of these, he 
says, are entire, and others broken ; they occur at the 
bottom of the sea, in four, six, ten, or twelve fathom 
water, where they adhere to a s«a-plant called 
Cochayuyo. They arc taken in di;edges, and have no 
resemblance to those found on the shore or in shallow 
water ; yet beds of them occur at vfyious heights on 
the hills. “ I was the more pleased with the sight,” 
he adds, “ as it appeared to me a convincing proof of 
the universality of the deluge, although I am not igno- 
rant that some have attributed their position to other 
causes ; but an unansMicrable. canfi|jtatioh of tli^ir sub- 
terfuge is, that the various sorts oPshells which Isompose 
these strata, botli in the plains and mountains, ar6 the 
very same with,jthose found in the bay.’'f Perhaps the 
diluvian theory of this distinguished navigator, the 

f 

* daptain Belcher has showif me these shells, and the collec- 
tion has been examljped by Mr. ^roderip. 

+ Ulloa’s Voyage to South America, vol. ii. book viiL ch, vi. 
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ooinpanion of Condamine, may account for his never 
having recorded even reports of changes in*the relative 
level of land and sea on the shores of South America* 
He could not, howev^, have given us a relation of the 
rise of’ the reef above alluded to ; for the destruction of 
Penco happened a fe*v years dfter the publication of 
his Voyages. 

If we duly consider these facts, so* recently brought 
to light, as w'ell as the rfevation before mentioned of 
the coast at Valparaiso in 182^, we shall be less* scep- 
tical than Raspe, in regard to an event for which Hooke 
had cited Purchas’s Travels. In that passage it was 
stated, that a certain sea-coast in a province of South 
America, called Chili, was, during a violent earthquake, 
propelled upwards wdth such force and velocity, that 
some ships on the sea were grounded in it, and the sea 
receded to a distance.’* Ilaspe, being himself of opinion 
that all the continents had been upraised gradually by 
earthquakes from ^he sea, admitted that the circum- 
stance was not impossible ; but he complains that Pur- 
chas had interpqjated the account of the earthquake 
(which happened, probably, at the close of tlie seven- 
teenth century) into Da Costa’s History of the West 
Indies.*' 

Perw, — Peru was visited, on the 28th of Oc- 
tober, By ar^ eartl^quaka, which is declared to 

have Beisn more trediendeus and /^‘xtensive than even 
that 6f Lisbon in 1755. In the first twenty-four hours, 
t«^o hundred shocks were experienced. The ocean 
twice retired and returned impetuously upon the land : 
Lima was'^destroyed, and jjart of the coast near Callao 
was converted into a bay ; four other harbours, aftiong 

• “ V 

* De Novis Insulis, p. 120. 1753. 
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which were Cavalla and Guanaj)c, shared the same 
fate. Therfe were twenty- three ships and vessels, great 
and small, )p the harbour of Callao, of which nineteen 
were sunk ; and the othel* four,, among which was a 
frigate called St. Fermin, were carried by the force of 
the waves to a great distance *ip the country. The 
number of the inhabitants in this city amounted to four 
thousand. Two hundred only escaped, twenty- two of 
whom were saved on a small* fragmenif of the fort of 
Vera\lruz, which remained as the only memorial of 
the site of the town after this dreadful inundation. 

A volcano in Lucanas burst forth the same night, and 
such quantities of water descended from the cone that 
the whole country was overflowed ; and in the moun- 
tain near Patao, called Conversioncs do Caxuniarqnilla, 
three other volcanos burst out, and frightful torrents of 
water swept down their sides-* 

In regard to changes of level, 1 hav« heard that the 
submerged arches of a church, gnd the position of 
several buildings, indicate a subsidence on the ancient 
site of Callao ; l)ut this report requifcs conlirmatlon. 
Mr. Fryer states that the isle of San Lorenzo in the 
bay of Callao appears to have been raised up by vol- 
canic action, and partially so at a comparatively recent 
period ; for he found at considerable heights above the 
sea the shells of *Pef^en pnrpui^s, Si* 

garetiis concavtis, aijd others, in ^reat abundatvee, and 
retaining their colours almost as fresh as those now 
living in the Pacific. t 

Kamtschntka^ 1737. — The eastern side of the Penin- 
sula of Kamtschatka, at Aw^tfchka Bay, was shaken by 

• • * 

* Ulloa’s^oyagc, vol. ii. book vii. cliap. vii. 

•)• Letter read to Geoh Soc,, March, 1835. 
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an earthquake on October the 6th, 1737. The sea 
was violentl}'' agitated, and overflowed thfe land to an 
immense height, and,^ then withdrew so far as to lay 
bare its bottom bet\|peen the first and second of the 
Kurile Isles. The shape of the ground was greatly 
changed. Several plains wer6 uplifted and formed 
hills; and, on the other hand, many subsidences occa- 
sioned inland lakes and new bays oif the coast.* 
Martiniqm^ d7SJ7. — Irt the year 1727, a hill is said to 
have sunk down in Martinique during an earthqdake.f 
Iceland^ 1725. — In Iceland during the eruption of 
the volcano Leirhnukur, in 1725-6, a tract of high 
land sank down, and formed a lake ; and, half a mile 
from the same place, a hill rose and converted a lake 
into dry land.J % 

Terieriffb^ 1706. — May 5th, 1706, a lateral eruption 
of Toner iffe took place south of the harbour of Gara- 
chico, which n^as overwhelmed with lava. Many 
springs disappeiired, and there were such changes of 
level as to alter the whole face of the country, hills 
having risen up \yhere there were plains before.} 

Java, 1699. — On the 5th of January, 1699, a ter- 
rible earthquake visited Java, and no less than 208 
considerable shocks were reckoned. Many houses 
in Batavia were overturned, and the flame and noise of 
a volc^c eriijptioi^ ware* seen and heard in that city, 
which'lllpre afterwards found to jjroceed from Mount 
Salak II, a volcano six days' journey distant. Next 
|p0rning the Batavian river,, ^hich h^s its rise from 

* Kracheninikon by Cbappp d’Aiiteroche, p. 3^7. 

t Geog. of America, ScblozA', part ii. p. 554. 

l^'Dureau de la G^*og. *de la Mer Noire, p. 203. * 

§ Humboldt and ^lonpland, 'Uoy. lielat.' I^t., part i. p. 177. 

]{ Misspelt Sales in Hooke’s Account. 
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that mountain, became very higji and muddy, and 
brought do^n abundance of bushes and trees, half 
burnt. Th^ channel of the riv^i being stopped up, 
the water overflowed the country round the gardens 
about the town, and some of the streets, so that fishes 
lay dead in them. All tlie flsh in the river, except the 
carps, were killed by the mud and turbid water. A 
great number of drowned buffaloes, tigers, rhinoceroses, 
deer, apes, and other wild beasts, were brought down 
by th^ current ; and, ‘‘ notwithstanding,*' observes 
one of the writers, ‘‘ that a crododile is amphibious, 
several of them were found dead among the rest.” * 

It is stated, that seven hills bounding the river sank 
down, by which is merely meant, as by similar expres- 
sions in the description of the Calabrian earthquakes, 
seven great landslips. These hills, descending some 
from one side of the valley and some from the other, 
filled the channel, and the waters then finding their way 
under the mass, flowed out thick and muddy. The 
Tangaran river was also dammed up by nine hills, and 
in its channel were large quantities, of drift trees. 
Seven of its tributaries also are said to have been 
“ covered up w:ith earth." A high tract of forest land, 
between the two great rivers before mentioned, is de- 
scribed as having been changed into an open country, 
destitute of trees, the surface being ^prea*d ove^ith a 
fine red day. This jj^rt of the aefiount may, jfJjmaps, 
merely refer to the slidmg down of woody tracts into 
the valleys, as happened tMO many extensive vineyard««| 
and olive grounds in Cmabria, in 17B3. The close 
packing of large trees in th^ Batavian river is repre- 
sented* as very remarkable, And it at|psts in a striking 
/ • * 

Hooke's Posthumous Works, p. 437. 1705* 
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manner the destruction of soil bordering the valleys 
which had been caused by floods and landslips.* 

QuitOi 1698. — In Quito, on the 19th of July, 1698, 
during an earth a great part of the crater and 
summit of the tlicaiid CarguairazoTell in, and a stream 
of water and mud issued froin the b{;oken sides of the 
hiii.t 

Sicily, ] 693. — Shocks of earthtiuakes spread over 
all Sicily in 1693, and dn the 11th of January the city 
of Catania and forty-nine other places were levelled to 
the ground, and about one hundred thousand people 
killed. The bottom of the sea, says Vicentino Bona- 
jutus, sank down considerably, both in ports, inclosed 
bays, and open parts of the coast, and water bubbled 
up along the shores. Numerous long fissures of various 
breadths were caused, which threw out sulphureous 
water ; and one of them, in the plain of Catania (the 
delta of the Skucto), at the distance of four miles from 
the sea, sent forth, water as salt as the sea. The stone 
buildings of a street in the city of Noto, for the length 
of half a mile,, sank into the ground, and remained 
hanging on one side. In another street, an opening 
large enough to swallow a man and horse appeared.^ 
Molttccas, 1693. — The small isle of Sorea, which 
consists of one great volcano, was in eruption in the 
year *1693. DifFgrertt parts of the cone fell, one after 
the dther, into a &eep •crater, ijntil almost half the 
space of the island was converted into a fiery lake. 
vMost of the inhabitants fie4j|o Banda; but great pieces 
of the mountain continued' to fall down/ so that the 

lake of lava became wicl^r; and findl^the whole popu- 

• . 

* Phil. Trans, . t Iluraboftit, Atk Pit., p. IOC. 

\ rhil. Trans. 1693-4. 
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lation was compelled^ to emigrate. It is stated that, 
in proportion as the burning lake increased in size, the 
carthquake^were less vehement.* 

Jamaica^ 1692 In thh year* 1692, the island of 

Jamaica was visited by a violent earthquake; the 
ground swelled and heaved like a rolling sea, and was 
traversed by numerous cracks, two or three hundred 
of which were often seen at a time opening and then 
closing rapidly again. Many people were swallowed 
up in these rents; some the earth caught by the 
middle, and squeezed to death ; the heads of others 
only appeared above ground ; and some were first 
cngulphed, and tien cast up again with great quanti- 
ties of water. Such was the devastation, that even at 
Port Royal, then the capital, where more houses are 
said to have been left standing than in the whole island 
beside, three quarters of the buildings, together ^^ ith 
the ground they stood on, sank down with their inha- 
bitants entirely under water. , 

Subsidence in t/a? harbour. — The large store-houses 
on the harbour side subsided, so as Iq^bc twenty -four, 
thirty-six, and forty-eight feet under water ; yet many 
of them appear to have remained standing, for it is 
stated that, after the earthquake, the mast-heads of 
several shipd wrecked in the harbour, together with 
the chimney-tops of houses, vuere ju^t seen projecting 
above the waves. A tract lafid round the-' town, 
about a thousand acres in extent, sank down in less 
than one minute# during ihe first shock, and the 
immediately rolled in. Tlie Swan frigate, which^^^S^ 
repairing in the wharf, was^efriven over the tops of 
many buildings, and then thrbwn upo^ne of the roofs, 

• Phil. Trans. 1693 . 
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through which it If oke. The ||>readth of one of the 
streets is said to have been doubled by the* earthquake. 

According to Mr,. De la J3eche, the fiart of Port 
Royal described as liaving *sunk was built upon newly 
formed land, consisting of sand in which piles had been 
driven; and the settlement ^is loose sand, charged 
with the weight of heavy houses, may have given 
rise to the subsidences alluded to.*^ There can be no 
doubt that a \Vaving motion of the earth, accomnanied 
by an inroad of the sea, might affect loose sana, while 
solid rock might remain unmoved; but, after atten- 
tively considering the original documents, and con- 
versing with persons who, ninety years after, saw some 
of the submerged houses, I am inclined to believe that 
there were various and unequal subsidences of the 
land at Port Royal, independently of any sliding and 
undermining of the sands. 

At several t^iousand places in Jamaica, the earth is 
related to have opened. On the north of the island, 
several plantations, with their inhabitants, were swal- 
lowed up, and a, lake appeared in their place, covering 
above a thousand acres, which afterwards dried up, 
leaving nothing but sand and gravel, without the least 
sign that there had ever been a house or a tree there. 
Several tenements at Yallowes were buried under land- 
slips; and one plantation wais removed half a mile 
from its plage, the *crops continuing to grow upon it 
uninjured. Between Spanish Town and Sixteen-mile 
Walk, the high and perpendy;;ular cliffs bounding the 
rifet fell in, stopped the passage of the river, and 
flooded the latter place «for nine days, so that the 

• c 

* Maniial'bf Gcol.,^. 133, setoi^ edition. 
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people concluded i% had been Bunk as Port Royal 
was/' But the flood at length subsided, for the river 
had found sesne new passage at a great distance. 

Mountains shattered. — T^he Blrfe and other of the 
highest mountains are declared to, have been strangely 
torn and rent. They appeared shattered, and half^ 
naked, no longer affording a fine green prospect, as 
before, but strippec( of their woods and natural verdure. 
The rivers on these mountains first ceased to flow for 
about twenty-four hours, and then brought down into 
the sea, at Port Royal and other places, several hun- 
dred thousand tons of timber, which looked like float- 
ing islands on the ocean. The trees were in general 
barked, most of their branches having been torn off in 
the descent. It is particularly remarked in this, as in 
the narratives of so many earthquakes, that fish were 
taken in great numbers on the coast during the shocks. 
The correspondents of Sir Hans Sloane,* who collected 
with care the accounts of eye-witnesses of the catas- 
trophe, refer constantly to subsidences^ and some sup- 
posed the whole of Jamaica to have sank down.* 

Reflections on the amount of change in the last one 
hundred and fiyrty years. — I have now only enume- 
rated the earthquakes of the last 140 years, respecting 
which facts illustrative of geological inquiries are on 
record. Even if my limits permitled, it would be a 
tedious and unprofitable task tb examine all the obscure 
and ambiguous narratives of similar events of earlier 
epochs ; although, if the places were now examined 
by geologists well practised in the art of interpreting 
the monuments of physical changes, many events 
which have happened within the historical era might 

* Phil. Trans. 1694. 
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Still be dcterniincdf with precii^ion. It must not be 
imagined that, in the above sketch ot^ the occur- 
rences of a short period, I have given at^ account of 
all, or even the greater part, of the mutations which 
the eartli has undergone by^ the agency of subter- 
ranean movements, •'fhus, for example, the earth- 
quake of Aleppo, in the present centijry, and of Syria, 
in the middle of the^ eighteentht would doubtless 
have aHfordeef numerous phenomena, of great^geolo- 
gical importance, had those catastrophes been described 
bjr scientific observers. The shocks in Syria, in J 759, 
Wi6rc protracted for three months, tjiroughout a space 
^]len thousand square leagues ; an area compared to 
which that of the Calabrian earthquake of 17H3 was 
insignificant. Accon, Saphat, Balbeck, Damascus, 
Sidon, Tripoli, and many other places, were almost 
entirely levelled to the ground. Many thousands of 
the inhabitants* perished in each ; ^ifed, in the valley of 
Balbeck alone, twenty thousand men are said to have 
been victims to the convulsion. In the absence of 

,'i 

scientific accoimts, it would be as irrelevant to our 
present purpose to enter into a detailed account of 
such calamities, as to follow the track of an invading 
army, to enumerate the cities burnt or rased to the 
ground, and, reckon the number of individuals who 
perished by famiriO or tlVc swdtd. 

Dejiciency of historicoli records, such, then, be 
the amount of ascertained changes in the last 140 
years, notwithstanding the extreme •deficiency of our 
records during that brigf period, how important must 
we presume the physicjd revolutions to have been in 
the course of thirty or forty centumes, during which 
some countries habitually convulsed by earthquakes 
have been peopled by civilized nations I Towns, en- 
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gulp])cd during one , car th quake ^ may, by repeated 
shocks, have sunk to enormous depths beneath the 
surface, whi^e the ruins remain ,as imperishable as 
the liardest rocks in which they aA) enclosed. Build- 
ings and cities, submerged, for ^ time, beneath seas 
or lakes, and covered with sedimentary deposits, must, 
in some places, have been re-elevated to considerable 
heights above thedevel of the ocean. The signs of 
these events have, probably, been rendered visible by 
subsequent mutations, as by the encroachments of the 
sea upon tlie coast, by deep excavations made by tor- 
rents and rivers, by the opening of new ravines, and 
cliasms, and other effects of natural agents, so active 
in districts agitated by subterranean movements. 

If it be asked wliy, if such wonderful monuments 
exist, so few have hitherto been brought to light, we 
reply — because they have not been searched for. In 
order to rescue froiljl oblivion the memof ials of former . 
occurrences, the inquirer must know what he may 
reasonably expect to discover ; and under what pecu- 
liar local circumstances. He must be ac^quainted with 
the action and effect of physical causes, in order to 
recognize, explain, and describe correctly the pheno- 
mena when they present themselves. 

The best known of the great volcanic regions,^ of 
which the boundaries were sketiclibd ki the ninth chap- 
ter, is that which incliades Sottthern Europe, Northern 
Africa, and Central Asia ; yet nearly the whole, even 
of this region, nmst be laid down in a geological map, 
as “ Terra Incognita.” Even Calabria may be regarded 
as unexplored, as also S|^in; Portugal, the B^rbary 
States, the Ionian Isles, thelVIorea, Asia Minor, Cy- 
prus, Syria, and countrk^s between the Caspian 
and Black Seas. We are, in truth, beginning to ob- 
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CHANGES IN THE BAY OF^B4J[£ 

tain some insight jnto one smsdl spot of that great 
zone of volcanic disturbance, the district around 
Naples; a tract by;io means remarkably. for the vio- 
lence of the earthquakes which have convulsed it. 

If, in this part 9 f Campania, we are enabled to 
establish, that considerable changes in the relative 
level of land and sea have taken place since the Chris- 
tian era, it is all that we could ha^ expected ; and it 
is to recent Antiquarian and geological research, not 
to history, that we are principally indebted for the 
information. 1 shall now |)rocecd to lay before the 
reader some of the results of modern investigations 
in the Bay of Baim and the adjoining coast. 


PROOBS OF ELEVATION AND SUBSIDENCE IN THE 
BAY OF BAIAS. 

Temple of Jsupiter Serapis.^^lS^ celebrated monu- 
ment of antiquity^affords, in itself alone, unequivocal 
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evidence that the relative level of land and sea has 
changed t\»^ce at Pdzzuoli since the Christian era; 
and each movement, both of elevation and subsidence, 
has exceeded twent}' feeU Be^rc examining tlicse 
proofs, 1 may observe, that a geological examination 
of the coast of the Bay of Baigc, both on the north 
and south of Puzzuoli, establishes, in the most satis- 
factory manner, elevation, at no remote period, of 
more than twentj^ feet, and,* at one point, of more 
than thirty feet; and the evidence of this change 
would have been complete^ even if the temple had, to 
this day, remained undiscovered. 

Coast sotUh of *Puzzuolu — If we coast along the 
shore from Naples to Puzzuoli, we find, on approach- 
ing the latter place, that the lofty and precipitous 
cliffs of indurated tuft’, resembling ' that of which 
Naples is built, retire slightly from the sea ; and that 
a low level tract j fertile land, of a *very different 
aspect, intervenes between the present sea-beach, and 
what was evidently the ancient line of coast. 

The inland cliff’ may be sec?n opposite the small 
island of Nisida, about two miles and a half south-east 
of Puzzuoli,* where, at the height of thirty-two feet 
above the level of the sea, Mr. Babbage observed an 
ancient mark, such as might have been worn by the 
waves ; and, upon further examination,* discovei^ed 
that, along that line,^ the fage of> the perpendicular 
rock, consisting of very hard tuff, was covered/ with 
barnacles (^Bahnus sukatusj^ Lamk.), and drilled by 
boring testacea. Some of the hollows of the Litho- 
domi contained the shells ; whilo others were filled with 

9 * ' 

* SA Map, PI, }V. Fig. 2. 
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the valves of a species of Area.* Nearer to Puzzuoli, 
the inland cliff is eighty feet high^ and as pi^rpendicular 
as if it was still undermined tlie waves. At its 



a. Antiquities on hill S.£. of Puzzuoli. 

h. Ancient cliff now inland. 

c. Terrace composed of recent submarine deposit. 

base, a new deposit, constituting the fertile tract above 
alluded to, attains a height of about twenty feet above 
tlie sea; and^ since it is composed of regular sedi- 
mentary deposits, containing marihe shells, its position 
proves that, subsequently to its formation, there has 
been a change of more tlian twenty feet in the relative 
level of land and sea. 

The sea encroaches on these new incoherent strata; 
and as the soil is valuable, a wall has been built for its 
protection : but when I visited the spot in 1828, the 
w&ves had swept away part of this rampart, and ex- 
posed to view a regular series of strata of tuff, more or 
less argillaceous, altern^ing wilh beds of pumice and 
lopiWh and containing great abundance of marine shells, 
of species now common on this coast, and amongst 

* Mr. Babbage examindd^this ^pot in company'vrith Mr. Head, 
in Ju$e, 1828, and has shown me numerous specimeys of the 
shells collected here, and in the Temple Serapis. 
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them Cartlium rusticum, Ostrea^edulis, Donax trun- 
culus (Laiiik.), and others. TTie strata vary from 
about a foot, to a foot and a half in thickness, and one 
of them contains abundantly remj^ins of works of art, 
tiles, squares of mosaic pavement of different colours, 
and small sculptured ornamentr> perfectly uninjured. 
Intermixed with these I collected some teeth of the 
pig and ox. These fragments of building occur below 
as well as above strata containing marine shells, Puz- 
zuoli itself stands chiefly on a promontory of the older 
tufaceous formation, which cuts off the new deposit, 
although I detected a small patch of the latter in a 
garden under the town. 

From tile town the ruins of a mole, called Caligula’s 
Bridge, run out into the sea. This mole consists of a 
number of piers and arches ; and Mr. Babbage found, 
on the sixth pier, perforations of lithodomi four feet 
above the level of the sea ; and near the termination 
of the mole, on the last pier but one, marks of the 
same ten feet above the level of the sea, together with 
great numbers of balani and flustra. 

Coa^ft Twrili of PuzzwjIu — If we then pass to the 
north of Puzzuoli, and examine tlie coast between that 
town and Monte Nuovo, we find a repetition of ana- 
logous phenomena. The doping sides of Monte Bar- 
baro slant down within a short distapee of the coast, 
and terminate in an injand cVi9 of ihoderate elevation, 
to which the geologist perceives at once that the sea 
must, at some fonjiet period, have extended. Between 
this cliff and tlic sea is a low plain or terrace, called 
La Starza, corresponding |o t^^t before described on 
the south-east of the town ; and, as the sea encroaches 
rapidly, fresh sections of the strata may readily be ob- 
tained, of which the annexed is an example. 

' p 2 
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Fig. 44, • 



a. Kcmains of Ciccro«s villa, N. sid&of Fuzzuoli.* 

A. Ancient cliff now inland. ^ 

c. Terrace coin])osed of recent submarine deposits. 

d. Temple of Scrapis. 

Section on the shore north of the town of Puz- 
zuoli ; — 

Ff. In. 

1. Vegetable soil • . . .10 

2. Horizontal beds of pumice and scoricc, witli 

broken fragments of unrolled bricks, bones 
of animals, and marine shells . .16 

3. Feds of lapilli. containing abundance of ma- 

rine shells, principally Curdium rusticitm, 

Donax trunculus, Lam., Ostreaedulis, Tri- 
ton ciita(5^uni, Lam., and Buccinuin serra- 
turn, Brocchi, the beds varying in thickness 
from one to eighteen inches. . .10 0 

4. Argillaceous tuff, containing bricks and frag- 

mentsof buildings not rounded by attrition. 1 6 

m 

The thickness ^f in afjy of these beds varies greatly 
as we trace them mong^he shore, and sometimes the 
whole group rises to a greater height than at the point 
above described. The surface of dio tract which they 

* The spot here indicatecNon the summit of the cliff, is that 
from which Hamilton's view, plate 26, Campi Phlegrsei, is taken, 
and on which, he observes, CSicero's viUaJi called the Academia, 
andeady stood. 



Ch.X^.3 NEW ,pEPOSIT upraised NEAi; PUZ2UOLI. 317 

compose a^iears to *^ope gently upwards towards the 
base of the old cliffs. 

Now, if tihese appearances presented themselves on 
the eastern or southern coast of ^England, a geologist 
would naturally endeavpur to sock an explanation in 
some local depression of high-water mark, in conse- 
quence of a change' in the set of the tides and cur- 
rents : for towns hjvc been buil}:, like ancient Brighton, 
on sai^dy tracts intervening between the old cliff and 
the seca, and, in some cases, they have been finally swept 
away by the return of the ocean. On the otlier hand, 
the inland cliff at Lowestoffe, in Suffolk, remains, 
as was before stated, at some distance from the shore, 
and the low green tract called the Ness may be compared 
to the low flat called La Starza, near Puzzuoli.* But 
there are scarce any tides in the Mediterranean ; and, 
to suppose that sea to have sunk generally from 
twenty to twenty>five feet since the sliores of Cam- 
pania were covered with sumptuous buildings, is an 
hypothesis obviously untenable. The observations, 
indeed, made during modern surveys on the moles and 
cothons (docks) constructed by the ancients in various 
ports of the Mediterranean, have proved that there has 
been no sensible variation of level in that sea during 
the last two thousand years, f , 

Thus we arrive, withdut thfe ai^ bf the celebrated 
temple, at the conclusion, thal: the recent marine de- 
posit at Puzzuoli wa^ upraised in modern times above 
the level of the £!ba, and that not only this change of 
position, but the accumulation^ of the modern strata, 

was posterior to the destruction of many ediBces, of 

• • 

• See p, SO. * 

i On the authority of Captain W. H. Smyth, R.N. 
p 3 
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which they contain the ifnbcdrled remains. If we 
now examine the evidence afforded by the temple 
itself^ it appears, from the most authentic accounts, 
that the three pillaVs now standing erect continued, 
down to the middle of the lasf century, half buried in 
the new marine strata before described. The upper 
part of the columns, being concbalyl by bushes, had 
not attracted, until thc^year 174'9, Ihe notice of anti- 
quaries; but, when the soil was removed in, 1750, 
they were seen to form part of the remains of a 
splendid edifice, the pavement of which was still pre- 
served, and upon it lay a number of columns of African 
breccia and of granite. The original plan of the build- 
ing could be traced distinctly ; it was of a quadrangular 
form/ seventy feet in diameter, and the roof had been 
supported by forty- six noble columns, twenty-four of 
granite, and the rest of marble. The large court was 
surrounded apartments, supposed to have been 
used as bathing-rooms; for a thermal spring, still used 
for medicinal purposes, issues now just behind the 
building, and tiie water, 'it is said, of this spring was 
conveyed by marble ducts into the chambers. 

Many antiquaries have entered into elaborate dis- 
cussions as to the deity to which this edifice was con- 
secrated ; but Signor Carelli, who has written the last 
able treatise qn subject endeavours to show that 
all the religious edifices of Gpeece were of a form 
essentially different ; that the building, thcarefore, could 
never have been a temple ; that it corresponded to the 
public bathing-rooms at many of our watering-places ; 
and, lastly, that if it hud been a temple, it could not 
.have been dedicated to" Serapis, .the worship*^ of the 

^ Dissertazione esergetica sulla Sagra Architettura degll An- 
tichi. , 
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Egyptian god being, strictly prohibited, at the time 
when this edifice was in use, by the senate of Rome. 

Perforatibn of the columns by *Lithod(mu>us shells,^ 
It is not for the geologist to offe^ an opinion on these 
topics ; and 1 sliall, the;*efore, designate this valuable 
relic of antiquity by its generally received name, and 
proceed to consid^s^thc memorials of physical changes 
inscribed on the diree standing columns in most legi- 
ble characters by the hand of nature.* (See Plate of 
Temple.*) These pillars, which have been carvpd 
each out of a single block of marble, are forty- 
two feet in height. An horizontal fissure nearly in- 
tersects one of the columns ; the other t>vo are en- 
tire. They are all slightly out of the perpendicular, 
inclining somewhat to the south-west, that is, tdwards 
the sea.f Their surface is smooth and uninjured 
to the height of about twelve feet above their pedes- 
tals. Above this is a zone, about nine^ feet in height, 
where the marble has been pierced by a species of 
marine perforating bivalve — Litkodomus, Cuv^J The 
holes of these animals are pear-shaped, the external 
opening being minute, and gradually increasing down- 
wards. At the bottom of the cavities, many shells are 
still found, notwithstanding the great numbers that 

* The representation of pre^en^ sta^ of ihe temple in this 
Plate has been carefully reduced i^om tUht given by the Canonico 
Andrea de Jorio, Ricerc^e sul Tempio di Serapide, in Puzzuoli. 
Kapoli, 1820. 

t This appears Trom the measurement of Captain Basil Hall, 
R.N., Proceedings of Geol. Soc., No. S8. p. 114. The {met 
of the three standing columns ha*|ilig been each formed out of a 
single* stone, was first pointed out to me by Mr. James Hall, 
and is important, ^helping to explain why they were not 
shaken down. 

Modiola lithophaga, Lam. Mytilus lithophagus, Linn. 

. * P 4 * 
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have been taken out by visi^Fs ; in many the valves of 
a species of arca> an animal which conceals itself in 
small hollows, occurs The perforations ai:e so consi* 
dcrable in depth and size, that they manifest a long- 
continued abode of the lithodomi in the columns ; for, 
as the inhabitant groves older and increases in size, it 
bores a larger cavity, to correspo«<hjt'ith the increas- 
ing magnitude of its shell. We m}:ist, consequently, 
infer a long-cohtinued immersion of the pillars in sea- 
water, at a time when the lower part was covered up 
and protected by strata of tuff and the rubbish of 
buildings ; the highest part, at the same time, project- 
ing above the waters, and being consequent!}'' weathered, 
but not materially injured. 

Ori^ the pavement of the temple lie some columns 
of marble, which are perforated in tlie same manner in 
certain parte ; one, for example, to the length of eight 
feet, while, forVhe length of four feet, it is Uninjured. 
Several of these broken columns are eaten into, not 
only on^the exterior, but on the cross fracture, and, on 
some or them, ather marine animals have fixed them- 
selves.^ All £he granite pillars are untouched by 
lithodomi. The platform of the temple, which is not 
perfectly even, is at present about one foot below high- 
water mark (for there are small tides in the Bay of 
Naples) ; and 'the ^ea; which ic only one hundred feet 
distant, soaks throu^i the* intervening soil. The upper 
part of the perforations, then, are at least twenty- three 
feet above high-water mark ; and it k clear, that the 

columns must have continued for a long time in an 

« 

* Serpula oontortuplicata, Linn., and Vesnilia triquetraj^ Lam. 
These species, at; well as the LUhodomus,^ m now inhabitants of 
the neighbouring sea. 
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erect position, immersed i| salt w^ter. Afler remain- 
ing for maity years submerged, they must have been 
upraised to^he height of about twpnty-three feet above 
the level of the sea. • <• 

Temples and Roman, roads under wetter* — So far the 
information derived from the temple corroborates that 
before obtained frojjj the new strata in the plain of 
La Starza, and proves nothing more. But, as the tem- 
ple could not have been built originally ut the bottom 
of the sea, it must have first sunk down below the 
waves, and afterwards have been elevated. Of such 
subsidences there arc numerous independent proofs 
in the Bay of Bdiae. Not far from the shore, to the 
north-west of the Temple of Serapis, are the ruins of 
a Temple of Neptune, and a Temple of the Nymphs, 
now under water. The columns of the former edifice 
stand erect in five feet water, their upper portions just 
rising to the surface of the sea. Tha pedestals are 
doubtless buried in the mud ; so tha^ if this part of the 
bottom of the bay should hereafter be elevated, tlie 
exhumation of this temple might take, place a^er the 
manner of that of Scrapif. Both these buildings pro- 
bably participated in the movement which raised the 
Starza; but, either they were deeper underwater than 
the Temple of Serapis, or they were not raised up 
again to so great a heiglU- Tln^ro arg als.6 two Roman 
roads under water in (he bay,^ one {‘caching from Puz- 
zuoli towards the Lucrine Lake, which may still be 
seen, and the oth^r near the Castle of Baiae. The an- 
cient mole, too, of Puzzuoli, before alluded to, has the 
water up to a considerable height of the arches ; 
whereas Brieslak justly observes, it is next to certain 
that the piers mus J formerly have reached the surface 
p 5 
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before the springing^ of the ^rches*; so that> although 
the phenomena before' described prove that this mole 
has been uplifted tep feet above the leveji at which it 
once stood, it is stii! evident that it has not yet been 
restored to its original position. 

A modern writer ailso reminds us, that these effects 
are not so local as some would ha^^eus believe ; for on 
the opposite side of the Bay of N^les, on the Sor- 
rentiiie coast, 'which, as well as Puzzuoli, is subject to 
earthquakes, a road, with some fragments of Roman 
buildings, is covered to some depth by the sea. In 
the island of Capri, also, which is situated some way 
at sea, in the opening of the Bay*of Naples, one of 
the palaces of Tiberius is now covered with water, f 
They who have attentively considered the effects of 
earthquakes, before enumerated, as having occurred 
dui'ing the Jast 140 years, will not feel astonished at 
these signs o£ alternate elevation and depression of 
the bed of the se^ and the adjoining coast during the 
course of eighteen centuries ; but, on the contrary, 
they ^11 be ve^y much astonished if future researches 
fail to bring td light similar^ indications of change in 
almost all regions of volcanic disturbances. 

That buildings should have been submerged, and 
afterwards upheaved, without being entirely reduced 
to a heap of '^in^, w ilU appear no anomaly, when we 
recollect tlia^ in tlib year 1819,«when the delta of the 

„ • Voy, dans la Campanie, tome ii. p. ICS.,, 
t Mr. Forbes, Physical Notices of the Bay of Naples. Ed. 
Joiirn. of Sci., No. II., pew aeries, p. 280. October 1829. 
When 1 visited Fuzzi!lbn, anJi ^arrived at the above conclusions, I 
knew nothing of Mr. Forbes's observatiorj^, which I first saw on 
my return to England the year’ following. 
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Indus sank down, the hou|e8 wit^n the fort of Sindree 
subsided iJeneath the waves, without being over- 
thrown. 1^ like manner, in the ^ear 1692, the build- 
ings around the harbour of Pput Royal, in Jamaica, 
descended suddenly to the depj:h of between thirty 
and fifty feet under the sea, without falling. Even on 
small portions of kitid transported to a distance of a 
mile, down a declivity, tenements, |ike those near 
Mile(o, in Calabria, were carried eiftire. At Val- 
paraiso buildings were left standing, when their found- 
ations, together with a long tract of the Chilian coast, 
were permanently upraised to the height of several 
feet in 1822. It is true that, in the year 1750, when 
the bottom of the sea in the harbour of Penco was 
suddenly uplifted to the extraordinary elevation of 
twenty-four feet above its former level, the buildings 
of that town were thrown down ; but we might still 
suppose that a great portion of thfim would have 
escaped, had the walls been supported on the exterior 
and interior with a deposit, like that which surrounded 
and filled to the height of ten or ^twelve feet the 
Temple of Scrapis at Puzzuoli. 

Periods when the Temple of Serapis sank and rose,— 
The next subject of inquiry is the era when these 
remarkable changes took place in the Bay of Baise. 
It appears that, in the Atrium* of»tl^Temple of Se- 
rapis, inscriptions were ftTund in wmch Septimius 
Severus and Marcus Aurelius record their labours in 
adorning it with precious marbles.* We may, there- 
fore, conclude, that it existed at least down to the 
third century of our in original position ; and it 
mayliave been l^uilt at tKe dose of the second cen- 
• • 

, * Brieslak, Voy* dans la Campanie, tom. ii., p. Itf7. 

P 6 
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tury. On the other hand, tre have evidence that the 
marine deposit forming the nat land, called*'La Starza, 
was still covered by tjic sea in the year ISjJlO, or just 
eight years anterior the^ tremendous explosion of 
Monte Nuovo. Mr. ^ Forbes, has lately pointed out 
the distinct testimdhyt of an old Italian writer, Lof- 
fredo, in confirmation of this impoi<g|ijt point,* Writing 
in 1580, Loffre^P declares that, fifty years previously 
the sea washed the base of the hills which rise from 
the fiat land before alluded to ; and at that time he 
expressly tells us, that a person might have fished from 
the site of those ruins which are now called the Sta- 
dium. (See Fig. 42.) Hence it follows, that the 
subsidence of the ground happened at some period 
between the third century, when the temple was still 
standing, and the beginning of the sixteenth century, 
when its site was still submerged. 

Now, in this interval the only two events which are 
recorded in the imperfect annals of the dark ages are, 
the eruption of the Solfatara in 1 1 98, and an earth- 
quake in 1488, .by which Puzzuoli was ruined. It is 
at least highly probable, that earthquakes, which pre- 
ceded the eruption of the Solfatara, which is very 
near the temple (see Fig. 42.), caused a subsidence, 
and the pumice and other matters ejected from that 
volcano might^i^vi; fallen in heavy showers into the 
sea, and woullRnusVmrnadiately Jiftve covered up the 
lower part of the columns, and preserved them from 
the action of the sea and from lithoalomous perfor- 
ations. The waves might afterwards have thrown 
down many pillars,^d fl^rmed strata of broken frag- 
ments of buildings, intermixed with v^lcatiic ejections, 

* £d, Joum. of Science, new series, No. II. p. 281 . 
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and thus have caused tho^ strata, containing works of 
art and shetls, which extend for several miles along the 
coast. Mr^^abbage, after carefully examining several 
incrustations of carbonate* of lijnc, such as the waters 
of the hot spring might have deposited, adhering to 
the walls and columns of the temple at difierent 
heights, as also tli,^ distinct marks of ancient lines 
of water level, visible below the zone^of Hthophagous 
perforations, has come to the conclusion, and, I think, 
proved, that the subsidence of the building was not 
sudden, or at erne period only, but gradual, and by 
successive movements.* 

As to the re-elevation of the depressed tract, that 
may also have occurred at different periods, since earth- 
quakes are not unfrequent in this country. Jorio cites 
two authentic documents in illustration of this point, 
llic first, dated Oct. 1503, is a deed, written in 
Italian, by which Ferdinand and Isabella grant to the 
University of Puzzuoli a portion of land, “ where the 
sea is drying up” (Che va seccando el mare); the 
second, a document in Latin, dated IV^ay 23, 1511, or 
nearly eight years after, by which Ferdinand grants to 
the city a certain territory around Puzzuoli, where the 
ground is dried vp from the sea (desiccatiim).-t' 

It is perfectly evident, however, from Lof&edo*s 
statement, that the principal ele%ati^ of the low 
tract called La Starza took place sffterms year 1530, 
and some time before the year 1580; and from this 
alone we might bav^ suspected that the change hap- 
pened in the year ,1538, when Monte N'uovo waa 
formed. But, fortunately, not left in 

slightest doubt tluit such was the date of this re- 

* Proceedings of l^eol. Soc?, No. 36. March 1834* 

Sul Tempio di Serap. chap. ?iii. 
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markable event. Sir Willi^ Hamilton has given us 
two original letters describing the eruptidn of 1538, 
the first of which, by Falconi, dated 15»^8, contains 
the following passages.* «Xt is now two years since 
there have been frefljuent earthquakes at Puzzuoli, 
Naples, and the neighbouring parts. On the day and 
in the night before the eruptiorSN^of Monte Nuovo), 
above twenty shocks, great and smaK, were felt. The 
eruption begaif on^,, the 29th of September, 1538. It 
was on a Sunday, about one o’clock in the night, when 
flames of fire w^ere seen between the hot baths and 
Tripergola. In a short time the fire increased to 
such a degree, that it burst open the earth in this 
place, and threw up so great a quantity of ashes and 
pumice stones, mixed with water, as covered the 
whole country. The next morning (after the form- 
ation of Monte Nuovo) the poor inhabitants of Puz- 
zuoli quitted tlfeir habitations in terror, covered with 
the muddy and bbek shower which continued the 
whole day in that country — ^flying from death, but with 
death painted in^ their countenances. Some with their 
children in their arms, some with sacks full of their 
goods ; otliers leading an ass, loaded with their fright- 
tened family, towards Naples ; others carrying quanti- 
ties of birds of various sorts, that had fallen dead at 
the beginning*<|jf the eruption ;• others, again, with fish 
which they liaA found, and which^were to be met with 
in plenty on the shore, the sea having tiiem dry 
for a considerahle tijne. 1 accompaniod Signor Mora- 
maldo to behold the wonderful eflects of the eruption. 
The sea had retire|ji on Ike side of Baits, abandming 
a considerable tract, and the shore^ appeared id most 
entirely dry, from the quantity of ashes and broken 
* Cauipi Phlegriei, p.70. 
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pumice-stones thrown rp by ^he eruption. I saw 
two springs in the newly discovered ruins : one before 
the houses that was the quean’s^ of hot and salt 
water/’ &c. * ♦ 

So far Falconi; the other account is by Pietro 
Giacomo di Toledo, which begins thus : — “ It is now 
two years since thift province of Campagna has been 
afflicted with ca^hquakes, the country about Puzzi«)li 
mucji more so than any other parts: Hut the 27th and 
the 28th of the month of September last, the earth- 
quakes did not cease day or night in the town of Puz- 
zuoli: that plain which lies between Lake Avernus, 
the Monte Barbaro, and the sea, was raised a little^ 
and many cracks were made in it, from some of which 
issued water ; at the same time the sea immediately 
adjoining the plain dried up about tim hundred paces^ 
so that the fish were left on the sand a prey to the 
inhabitants of Puzzuoli. At last, on’nhc 29th of the 
same month, about two o’clock in the iiight, the earth 
opened,” Ac. Novv, both these accounts, written im- 
mediately after the birth of Monte •Nuovo, agree in 
expressly stating that the sea retired, and one men- 
tions that its bottom was upraised. To this elevation 
we have already seen that Hooke, writing at the close 
of the seventeenth century, alludes as to a well-known 
fact.* The prepostwous ih^ories, therefore, that 
have been advanced in order to dispense with the 
elevation of the land, in the face of all this historical 
and physical evidence, are not entitled to ajierious 
refutation. 

Encroachments of the sea jA the Say of ^ The 


• p. sa 
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flat land, when first upraised, must have been more 
extensive than now, for the sea “Encroaches* somewhat 
rapidly, both to the nprth and south-east of Puzzuoli. 
The coast has, of late year^, given way more than a 
foot in a twelvcmontli ; and I was assured, by fisher- 
men in the bay, that iMias losf ground near Puzzuoli, 
to the extent of thirty feet, within, their memory. It 
isjiprobably, this gradual encroachment, which has led 
many authors tu imagine that the level of the sea is 
slowly rising in the Bay of Baia^ ; an opinion by no 
means warranted by such circumstances. In the 
course of time, the whole of the low land will, perhaps, 
be carried away, unless some earthquake shall rernodify 
the surface of the country, before the waves reach the 
ancient coast-line; but the removal of this narrow 
tract will by no means restore ^he country to its for- 
mer state, for the old tufaccous hills, and the inter- 
stratified current of trachytic lava which has flowed 
from the Solfatara^ must have participated in the 
movement of 1538; and these will remain upraised, 
even though the ,sea may regain its ancient limits. 

In 1828, excavations were made below the marble 
pavement of the Temple of Scrapis, and another costly 
pavement of mosaic was found, at the depth of five 
feet or more below the other. The existence of these 
two pavementsY at. different leyels, seems clearly to 
imply some subsidence previously, to all the changes 
already aHuded to, which bad rendei;ed it necessary to 
construct a n^w floor at a higher level. But to these 
and other circumstances bearing on die history of the 
Temple antecedently to revolutions already ex- 
plained, I shall not refer *at present, trusting <that 
future investigations will set them in a clearer light. 
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Permanence of the ocean's level, — In concluding 
this subject,*! may observe^ that the interminable con- 
troversies tf^ which the phenomenjj of the Bay of Baia: 
gave rise, have sprung froih an e^ttreme reluctance to 
admit tliat the land, rather thai^ the sea, is subject 
alternately to rise and fall. Ha(^ it been assumed that 
the level of the oceaft was invariable, on the ground 
that no fluctuations have as yet been clearly estabp 
lished^ and that, on the other hand, the continents are 
inconstant in their level, as has been demonstrated by 
the most unequivocal proofs again and again, from the 
time of Strabo to our own times, the appearances of 
the Temple at r\izzuoli could never have been re- 
garded as enigmatical. Even if contemporary ac- 
counts bad not distinctly attested the upraising of 
the coast, this explanation should have been proposed 
in the first instance as the most natural, instead of 
being now adopted unwillingly when all others have 
failed. ^ 

To the strong prejudices still existing in regard to 
the mobility of the land, we may attrij>ute the rarity 
of such discoveries as have been recently brought to 
light in the Bay of Baiae and the Bay of Conception. 
A false theory, it is well known, may render us blind 
to facts which are opposed to our prepossessions, or 
may conceal from us theu* truc.inciporf whhn we behold 
them. But it is tirqe that «the geologist should, in 
some degree, overoome those first and natural im- 
pressions which jpdticcd the poets of old to select the 
rock as the emblem of firmness — the sea as the ifihage 
of inconstancy. Our moderr/poet, in a more philo- 
sophical spirit, saw in the sea<* The image of Eternity,” 
and has finely contrasted the; fleeting existence of the 
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successive empires i^hich h^ve flourished and fallen on 
the borders of the ocean witi its own unchanged 
stability. 

■ Their decay 

lias dried up rehlms to deserts : — not so thou, 
irnchangcahle, save to thy wild waves' play : 

Time writes no w'rinkle on thine a^ure brow ; 

Such as creation’s dawn beheld, thod rollcst now. 

Childh Hahold, Canto iv. 
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ELEVATION AND SUBSIDENCE OP LAND WITHOUT 

i 

BAHTHQUAKES. 

Changes in the relative level of land and sea In regions not vol* 
canic — Opinion of Celsius that the waters of the Baltic Sea 
and Northern Ocean were sinking — Objections raised to bis 
opinion — Proofs of the stability of the seadovel in the Baltic 

— Playfair’s hypothesis that the land was rising in Sweden 

— Opinion of Von 13uch''(p. 330*.) — Marks cut on the rocks — 
Survey of those in 1820— Facility of detecting slight alterations 
in level of sea on coast of Sweden — Shore!?, of the ocean also 
rising — Area upbeaved (p. 341.) — Shelly deposits of Udde- 
valla — Of StockholiT)>containing fossil shells characteristic of 
the Baltic — Whether subsidence in Sweden — Fishing-hut 
buried under marine strata (p. 347.) — ^Jinking of land in 
Greenland — Bearing of these facts on geological phenomena. 

* 

We have now considered the phenomena of volcanos 
and earthquakes according to the division of the sub- 
ject before proposed (p. 92.), anyd'have next to turn 
our attention to tho&ie slow And insensible changes in 
the relative level of land and sea which take place in 
countries remote from volcanos, and where no violent 
earthquakes have occurred within the period of human 
observation. Early in the iast century the Swedish 
naturalist, Celsius, expressed his opinion that the 
waters, both of th0 Baltic And Northern Ocean, were 
gri;^dually subsiding. From numerous observations he 
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inferred, that tlie rate of depression was about forty 
Swedish inches in a century.* In support of this po- 
sition, he alleged that there were many rock§ both on the 
shores of the Baltic aiicl the ‘ocean known to have been 
once sunken reefs, and dangerous to navigators, but 
which were in his tiin<r above water — that the waters 
of the Gulf of Bothnia had been gradually converted 
into land, several ancient ports having been changed 
into inland cities, small islands joined to the continent, 
and old fishing grounds deserted as being too shallow, or 
entirely dried up. Celsius also maintained, that the 
evidence of the cliange rested not only on modern ob- 
servations, but on the authority of th*e ancient geogra- 
phers, wdio had stated that Scandinavia was formerly 
an island. This island, he argued, must in the course 
of centuries by the gradual retreat of the sea have 
become connected with the continent ; an event which 
he supposed to«have happened after the time of Pliny, 
and before the ninth century of our era. 

To this argument it was objected that the ancients 
were so ignorant of the geography of the most northern 
parts of Pmrope, that their authority was entitled to no 
weight ; and that their representation of Scandinavia 
as an islknd, might with more propriety be adduced 
to prove the scantiness of their information, than to 
confirm so boKl an^hypotjiesis.^ It was also remarked, 
that if the land whidh connected Scandinavia with the 
main continent was laid dry between the time of 
Pliny and the ninth century, to the pxtent to which 
it is known to have risen above the sea at the latter pe- 


The Swedish measure scarcely differs^ from ours; tlfe foot 
dhrided into twelve inches, and being less tlian ours by 
j|;hths of an inch only* 
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riod, the rate of depression tould not have been uniform, 
as was pretdided; for It ou^lu to l6vc fallen much more 
• rapidly between the ninth and eighteenth centuries. 

Many of the proofs rctl'ed on»by Celsius and his 
followers were immediately controverted by several 
philosophers, who saw clearly tlvit a fall of the sea in 
any one region could not take place without a general 
sinking of the waters over the whole globe ; they 
denied that this was the fiict/or that the depression 
was universal, even in the Baltic. In proof of the 
stability of the, level of that sea, they appealed to 
the position of the island of Saltholm, not far from 
Copenhagen. This island is so low that, in autumn 
and winter, it is permanently overflowed ; and it is 
only dry in summer, when it serves for pasturing 
cattle. It appears from documents of the year ] 280, 
that Saltholm was then also in the same state, and 
exactly on a level with the mean he»ght of the sea, 
instead of having been about twenty feet under 
water, as it ought to have been, according to the 
computation of Celsius. Several towns, also, on the 
shores of the Baltic, as* Lubeck, Wismar, Itostock, 
. Stralsund, and others, after six and even eight hundred 
years, are as little elevated above the sea at the 
era of their foundation, being now close to tile water’s 
edge. The lowest part of Darjtzic wtis no higher 
than the mean level of the sea in Jhe year 100(); and 
afler eight centuries its relative position remains exactly 
the same.* ^ 

Several of the examples of the gain of land and 
shallowing of the sea pointe^ out by Celsius, and 
aftervt^rds by Linnaeus, who embraced the same 
opinions, were ascribed by others to the deposition of 

* For a full account of the Celsian controversy, we may refer 
our headers to Von Hofi^ Gescbichte, &c. voU 1. p. 439* 
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sediment at points where «rivers entered : and, un- 
doubtedly, Celsius had nol suflrciently distinguished 
between changes due to these causes, and such as 
would arise if the jjW'aters. -of the ocean itself were 
diminishing. Many large rivers descending from a 
mountainous country^ at the head of the (julf of 
Bothnia, enter the sea charged ^with sand, mud, and 
pebbles, and it was said that in thgse places the low 
land had advapeed rapidly, especiklly near Torneo. 
At Pitco also, half a mile had been gained in Vorty- 
five years ; at Luleo no less than a mile in twenty- 
eight years ; facts which might all be admitted con- 
sistently with the assumption that* the level of the 
Baltic has remained unchanged, like that of the 
Adriatic, during a period when the plains of the Po 
and the Adige have greatly extended their area. 

It was also alleged that certain insular rocks, once 
entirely covered with water, had at length protruded 
themselves above the waves, and grown, in the course 
of a century and *a half, to be eight feet high. The 
following attempt was made to explain away this phe- 
nomenon : — Trrtlie Baltic, large erratic blocks, as well 
as sand and smaller stones which lie on shoals, are 
liable every year to be frozen into the ice, where the 
sea freezes to the depth of five or six feet. On the 
melting of thu snow in spring, when the sea rises about 
half a fathom, numeiouB ice-islands float away, bearing 
up these rocky fragments so as *to convey tliem to a 
distihee ; and if they are driven by the waves upon 
shoals, they may convert them into isfanda by deposit- 
ing the blocks; if strand^ upon low islands, they may 
considerably augment the^ height. ^ 

I 

• Piteo, Luleo, and Obo are sf^elt, in many Eoglisb maps, Pitea, 
Lulea, Abo^ but the o^iiiiobMunded in tliu Swedish diphthong oa 
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Browullius, also> and some other Swedish naturalists, 
affirmed tha^ some islands ^ere Uwcr than formerly ; 
and that, by reference to this kind of evidence, there 
was equally^ood reason fov oontehding that the level 
of the Baltic was gradually rising. They also added 
another curious proof of the permanency of the water- 
level, at some points iff. least, for many centuries. On 
Uie Finland coast were some large pines, growing close 
to the water’s edge ; these were cut down, and, by 
counting the concentric rings of annual growth, as seen 
in a transverse section of the trunk, it was demonstrated 
that they had stood there for four hundred years. 
Now, according ta the Celsian hypothesis, the sea had 
sunk about fifteen feet during that period, in which 
case the germination and early growth of these pines 
must have been, for many seasons, below the level of 
the water. In like manner it was asserted, that the 
lower walls of many ancient castles, such as those of 
Sonderburg and Abo, reached then to the water’s 
edge, and must, therefore^ according to the theory of 
Celsius, have been originally constructed below the 
level of the sea. * 

In reply to tliis last argument, Colonel Hallstrom, a 
Swedish engineer, well acquainted with thetFinland 
coast, assured me, that the base of the walls of the 
castle of Abo b now ten feet above die ^ater, so that 
there may have been a donsidSratl^ Vise of the land at 
that point since the lAiilding ^as erected. 

Playfair, in his Illustrations of the HuttcnHian 
Theory," in 1802^ admitted the sul&ciency of the proofs 
adduced by Celsius, but attribj^ted the change of level 
to the movement of the l^d^ rather than to a diminu- 
tion o*f the watersi He observed, that in order to 
depress or elevate the absoIUte level of the sea, by a 
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given quantity, in any one place, we must depress or 
elevate it by the san*e quantity c^er the ^bole surface 
of the earth ; whereas no such necessity exists with 
respect to the elev^ition or depression of the land/’* 
The hypothesis of the rising of the land, he adds, 
agrees well with the Huttonian theory, which holds 
that our continents are subject t^ be acted upon by the 
expansive forces of the mineral rcgjbns; that by these 
forces they h^yc been actually raised up, and are sus- 
tained by them in their present situation/’ f 
In the year 1807, Von Buch, aft^ returning from a 
tour in Scandinavia, announced his conviction, “ that 
the whole country, from Frederickshall in Sweden to 
Abo in Finland, and perhaps as far as St. Petersburgh, 
was slowly and insensibly rising” — a conclusion to 
which he ajjpears to have been led principally by in- 
formation obtained from the inhabitants, and in part 
by the occurrence of marine shells of recent species, 
which he hud found at several points on the coast of 
Norway above the l(?vel of the sea. 

The attention excifed by this subject in the early 
part of the last century, induced many philosophers 
in Sweden to endeavour to determine, by accurate 
observations, whether the standard level of the Baltic 
was reall}’ subject to periodical variations ; and under 
their direction, lines pr grooves, indicating the ordinary 
level of the water 'on a calm"^ day, together with the 
date of the year, were chiselled out upon the rocks. 
In f 820-21, all the marks made before those years 
were examined by the officers of the pilotage establish- 
ment of Sweden ; and^in tbkir report to the Royal 
Academy of Stockholm ^ey declarei^, that on com- 
paring the level of the sea at the time of their 

• Sect. 393. f Sect. 398. 
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observations with that indicated Ijy the ancient marks, 
they found fhat the ftaltic^was lower relatively to the 
land in ce^^ain places, but the. amount of change 
during equal periods of time had ifbt been every where 
the same. During their survey,, they cut new marks 
for the guidance of fmture observers, several of which 
I had an opportur\j^y of examining fourteen years after 
(in the summer of j 834*), and in that interval the land 
appeared to me to have risen at certain filaccs north of 
Stockholm four or five inches. 1 also convinced my- 
self, during my visit to Sweden, after conversing with 
many civil engineers, pilots, and fishermen, and after 
examining some of the ancient marks, that the evi- 
dence formerly adduced in favour of the change of 
level, both on the coasts of Sweden and Finland^ was 
full and satisfactory.* The alteration of level evidently 
diminishes as we proceed from tlie northern parts of 
the Gulf of Bothnia towards the south, being slight 
around Stockholm, and not in the .least degree per- 
ceptible in Scania, the soutljernmost jirovince of 
Sweden, Some writers have indeed represented the 
rate of depression of the waters at Stockholm as very 
considerable, because certain houses in that city which 
are built on piles have sunk down within tlie. memory 
of persons still living, so as to be out of the perpen- 
dicular ; and this in consequence of th^ tops of the 
piles giving way, and ^decaying, owing to a fall of the 
waters which has exposed them to be alternately ;>ivet 
and dry. T^ie hquses alluded to are situated on the 

* In former edf^|ii8 I expressed igpany doubts as to the validity 
of the proofs gradual rise of laud in Sweden. A detailed 
statement of ations which I made in 1 834, and which 

led me to change my opinion, wiU*be found in the Philosophical 
Tran^tions for 1^35, part i. 

VOL. II. Q 
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borders of Lake Maeler, a large lake, the outlet of 
which joins the Baltic in*" the middle of^ Stockholm, 
This lake is certainly lower than formerly; but the 
principal cause oi' thfe change is not the elevation of the 
land, but the removal of two old bridges built on piles, 
which formerly obstructed the (^^scharge of the fresh- 
water into the sea. Another cause is the opening, in 
the year 1819, of a new canal at .’oddertelje, a place 
south of Stockholm, by means of which a new line of 
communication was formed between Lake Maeler and 
the Baltic.* 

It will naturally be asked, whether the mean level of 
a sea like the Baltic can ever be determined so exactly 
as to permit us to appreciate a variation of level, 
amounting only to one or two feet. In reply, I may 
observe, that, except near the Cattegat, there are no 
tides in the Baltic ; and it is only when particular 
winds have prevailed for several days in succession, or 
at certain seasons when there has been an unusually 
abundant influx of rivser water, or when these causes 
have combined, that this sea is made to rise two or 
three feet above its standard level. The fluctuations 
due to ^Jlese causes are nearly the same from year to 
year; so* that the pilots and fishermen believe, and 
apparently with reason, that they can mark a deviation, 
even of a few inchq^,* from the ordinary or mean height 
of the waters. * • 

T^iere arc, moreover, peculiarities in the configur- 
ation of the shores of Norway and Sweden, which 
facilitate, in a remarkable degree, the appreciation of 

slight changes in the r^ative level of land and water. 

* » * 

* bee l*rofessor Johnston's Paper, Ea. New Phil. Journ., 
No. XXIX., July 1833, an^ my remarks, Fliil. Trans., 1835, 

p. 12, 
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It has often been said, that there arc two, coasts, an 
inner and dh outer one ; l4ie inn’^r being the shore of 
the niainlsyptd ; the outer one, fringe of countless 
rocky islands of all dimensions, ctlled tlie skar (a7/«i>). 
Boats and small vessels make tlieir coasting voyages 
within this skiir; f(» here they may sail in smooth 
water, even when the sea without is strongly agitated. 
But the navigatioA is very intricate, and the pilot must 
possess a perfect acquaintance with the breadtii and 
depth of every narrow channel, and the position of 
innumerable sunken rocks. If on such a coast the 
land rises one or two I’ect in the course of half a cen- 
tury, tlie minute topography of the skar is entirely 
altered. To a stranger, indeed, who revisits it after 
an interval of many years, its general aspect remains 
the same ; but the inhabitant finds that he can no 
longer penetrate with his boat through channels where 
he formerly passed ; and he can tell of Countless other 
changes in the height and breadth of isolated rocks, 
now exposed, but once only seen through the clear 
water. 

The rocks of gneiss, niica-scliist, and quartz, are 
usually very hard on this coast, slow to decompose, 
and, when protected from the breakers, remaining for 
ages unaltered in their form. Hence it is easy to 
mark the stages of theii>progiK?ss*i^e.cnie*rgcnce by the 
aid of natural and artificial marks imprinted oii them. 
Besides the summits of fixed rocks, there are numerous 
erratic blocks of«vast size ^rewed over the shoals and 
islands in the skar, which have been probably drifted 
by ice in the manner before^suggested.* All these 
are observed to h^ve increased in height and dimen- 
# • 

* See p. 3S4. ; also Vol. I. p. 267. i 

* Q 2 
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sions within the last Ijalf century. Some, which were 
formerly known as (Jangerc^ar sifnken rocks, are now 
only liidden at high water. On their first ^^appearance, 
they visually presentca smooth, bare, rounded protuber- 
ance, a few feet or^yards in diameter; and a single 
sea-gull often appropsiates to* it^df this resting-place, 
resorting there to devour its prt^y. Similar points, in 
the mean time, have grown to long^xecfs, and are con- 
stantly vvliitcLcd by a multitude of sea fowl ; while 
others have been changed from a reef, annually sub- 
merged, to a small islet, on which a few lichens, a fir- 
seedling, and a few blades of grass, attest that the 
shoal has at length been fairly changed into dry land. 
Thousands ol‘ wooded islands around show the greater 
alterations which time can work. In the course of cen- 
turies also, the spaces intervening between the existing 
islands may be laid dry, and become grassy plains en- 
circled by heights well clothed with lofty firs. This 
last step of the process, by which long fiords and nar- 
row channels, once separating wooded islands, arc de- 
serted by the sea, has been exemplified within the me- 
mory of living witnesses on several parts of the coast. 

Had the apparent fall of the waters been observed 
in the 'Baltic only, we might have endeavoured to 
explain the phenomenon by local causes aftecting that 
sea alone. 'For jnstanpe, t^p channel by which the 
Baltic discharges its surplus waters into the Atlantic, 
might be supposed to have been gradually widened 
and deepened by the w^aves and currents, in which 
cjise a fall of the water, like that before alluded to in 
Lake Maeler, might have occurred. But the lowering 
of level would in that case have been uniform and 
universal, and the waters coulc^ not have sunk at 
Torneo, while they retained their former level at 
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Copenhagen. Such ^an explanation is also untenable 
on other grounds ; for is a fact, as Celsius long 
ago afHrmeil, that the alteration* of level extends to 
the western shores of Sweden, bordering the ocean. 
The signs of elevation .observetV between Uddcvalla 
and Gothenburg are^s well established as those on 
the shores of the Bothnian (^ulf. Among the places 
'where they may lii studied, are the islands of Mar- 
strancl and Gulholmen, the last-mentioned locality 
being one of those particularly pointed out by Celsius. 

The inhabitants there and elsewhere affirm, that the 
rate of tin* sinkinjj of the sea (or elevation of land) 
varies in different and adjoining districts, being greatest 
at points where the coast is low. Ifut in this they 
are deceived; for tliey measure the amount of rise by 
the area gained, which is most considerable where the 
land descends with a gentle slope into tlie sea. In the 
same manner, some advocates of the Celsian theory 
formerly appealed to the increase «of lands near the 
mouths of rivers, not sufficiently adverting to the fact, 
that if the bed of the sea is rising, tfie change will 
always be most sensible where the bottom has been 
previously rendered shallow ; whereas, at a distance 
from these points, .where tlie scarped gramtic cliffs 
plunge at once into deepwater, a much greater amount 
of elevation is necessary to prodi^e an ef|ually con- 
spicuous change. • 

As to the area in northern Europe w'hich is subject 
to this slow upbefiving movement, we have not as yet 
sufficient data for estimating it correctly. It seems 
probable, however, that it readies from Gothenburg to 
Torneb, and from idience to *the North Cape, the rate 
of elevation increasing always ,as we proceed farther 
nortjiwards. The two extremities of this line are 
Q 3 
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more than a thousaiK| geographical miles distant from 
each other; and as both teVm'nate in the ocean, we 
know not how much farther the motion nf'ay be pro- 
longed under water. ^ As to the breadth of the tract, 
its limits are equallj^ uncertain, though it evidently 
extends across the widest parts ^ the Gulf of Both- 
nia, and may probably stretch far into the interior, 
both of Sweden and pnland. No}^, if the elevation 
continu(*, a larger part of the Gulf of Bothnia will be 
turned into land, as also more of the ocean off* the 
west cc^st of Sweden between Gothenburg and Udde- 
valla; and, on the other hand, if the change has been 
going on for thousands of years at the rate of several 
feet in a century, large tracts of what is now land must 
have been submarine at periods comparatively modern. 
It is natural therefore to inquire whether there are 
any signs of the recent sojourn of the sea on districts 
now inland? ** The answer is most satisfactory. — 
Near Uddcvalla and the neighhrnring coastland, we find 
upraised deposits of shells belonging to species such 
as now live in ‘the ocean; while on the opposite or 
eastern side of Sweden, near Stockholm, Gefie, and 
other places bordering the Bothnian Gulf, there are 
analogous beds containing shells of species character- 
istic of the Baltic. 

Von Buch annoKr^chd,«n 1807, that he had discovered 
in Norway and at Uddevaila in Sweden, beds of shells of 
existing species, at considerable heights above the sea. 
Since that time, other naturalists have confirmed his 
observation ; and, according to Strom, deposits occur at 
an elevation of more th?!tn 400 feet above the sea in 
the northern part of Norway. M» Alex. Brongniart, 
when he visited Uddevallai*, ascertained that one of the 
principal masses of shells, that of Capellbacken, is 
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raised more than 200 feet above the sea, resting on rocks 
of gneiss, afl the species b^ing idd^ntical with those now 
inhabiting yie contiguous ocean. , The same naturalist 
also stated that on examining wil^ care the surface of 
the gneiss, immediately above tjic ancient shelly de- 
posit, he found baimackes (balnni) adliering to the 
rocks, showing that nie sea had remained there for a 
long time. I was fortunate enough to be able to verify 
this observation by finding, in the summer of 1834*, at 
iKured, about two miles north of Uddevalla, and at the 
height of more than 100 feet above the sea, a surface of 
gneiss newly laid open by the partial removal of a mass 
of shells used largely in the district for making lime and 
repairing the roads. So firmly did these barnacles 
adhere to the gneiss that I broke off portions of the 
rock with the shells attached. 'J'he face of the gneiss 
was also encrusted with small zoophytes i^Cdlepora? 
Lam.), but had these or the barnacles been exposed in 
the atmosphere ever since the elevation of the rocks 
above the sea, they would probably have decomposed 
and been obliterated. ^ 

The town of Uddevalla stands at the head of a 
narrow creek overhung by steep and barren rocks of 
gneiss, of which all the adjacent country is Composed, 
except in the low grounds and bottoms of valleys 
where strata of sand, clay, ^nd* mgirl frequently hide 
the fundamental rocjjs. To these newer and horizontal 
deposits the fossil shells above mentioned belong, and 
similar marine remains are found at various heights 
above the sea on the opposite island of Orust. The 
extreme distance from the ^a to which such fossils 
extend is as yet ynknown, but they have been already 
found at TrollhattAn in digging the canal there, and 
still farther inland on the northern borders of Lake 
Q 4} 
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Wencr fifty rnik\s from the sea, at an elevation of 200 
feet, near Lake Kog\^irpem I • ‘ 

To pass to the Baltic : I observed near its shores at 
Sddertelje, sixteen rifles 8. W. of Stockholm, strata of 
sand, clay, and marl, more than 100 feet high, and 
containing shells of sppcics ndw mhabiting the Both- 
nian Gull'. These consist partly^of marine and partly 
of freslnvater species; but they ar^ few in number, 
the brackishneps of tlic water appearing to be very 
unfavourable to the development of testacea. * The 
most abundant species are the common cockle, and the 
eommop mussel and periwinkle of our shores (^Cardiuni 
rdiiky Mytilus edulis, and JjUiorina itttoren)^ together 
with a small tellina ( '1\ Baltwa)^ and a few minute 
univalves allied to Pahulina ulmu These live in the 
same waters as a Lynmetis, a Neritina fluviatilis), 
and some other freshwater shells. 

But the raarpie molluscs of the Baltic above men- 
tioned, although very numerous in individuals, are 
dwarfish in size, scarcely ever attaining a third of the 
average dimensions which they acquire in the salter 
waters of the ocean. By this character alone a geo- 
logist would generally be able to recognize an as- 
semblage'of* Baltic fossils as distinguished from those 
derived from a deposit in the ocean* The absence also 
of oysters, barnacles, ^vhelks, scallops, limpets (ostrea^ 
halanuSi huccinum, \}€ctcn^ patella)^ and many other 
forms abounding alike in the sea near Uddevalla, and in 
the fossiliferous deposits of modern date on that coast, 
supplies an additional negative character of the greatest 
value, distinguishing assei|?blages of Baltic from those of 
oceanic shells. Now the strata containing Baltic ^lells 
are found in many localities near Stockholm, Upsala, 
and Gefle, and will probably be discovered every where 
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around the ^orders ®f th^ Botlv^ian Gulf ; for 1 have 
seen similar remains brought from Finland, in marl 
resembling lhat found near Htoc^Jholm. The utmost 
distance to which these deposits have yet been traced 
inland, is on the southern shores^of Lake Macicr, at a 
place seventy miles fn^m the sea.* 

As no accurate^ observations on the rise of the 
Swedish coast refftr to periods more gemote than a 
centuiy and a half from the present time, and as 
traditional information, and that derived from apeient 
buildings on the coast, do not enable the antiqujly'y to 
trace back any monuments of change for more than 
five or six centuries, we cannot declare whether the 
rate of the upheaving force is uniform during very 
long periods. In those districts wlIerf^ the fossil shells 
arc found at the Jieight of more than ‘200 feet above 
the ocean, as at Uddevalla, Crust, and Lal^e llogvarpcn* 
the present rate of rise seems less than four feet in a 
century. Even at tliat rate it would have required 
five thousand years to lift up those deposits. But as 
the movement is now very different in different places, 
it may also have varied much in intensity at different 
periods. • 

Whether any of the land in Norway is now rising 
must be determined by future lnve;sti^ations. Marine 
fossil shells, of recent species, ha?e been collected 
from inland places near Drontheim ; but Mr. Everest, 
in his “ Travels through Norway,** informs us that 
the small island of Munkholm, which is an insu- 
lated rock in the harbour of IVonthcim, affords con- 
clusive ^evidence of the land having in that region 
remained stationary Vor the last eight centuries. The 
area of this isle does not exceed that of a small village, 
* * Phil. Trans., 1835 , parti. 
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and by an official si^rvey, its highest poi^t has been 
determined to be twenty-three feet above the mean 
high water mark, thht is,i the mean bctweVin neap and 
spring tides. Now, a monastery was founded there by 
Canute the (jrcat, a.d. 1028, and thirty-three years 
before tliat time it was in use jlis a common place of 
execution. According to the assumed average rate of 
rise in Sweden (about forty inches in a century), we 
shoukl be obliged to suppose that this island had been 
three feet eight inches below high water mark when it 
was OT^inally chosen as the site of the monastery. 

But we have not only to learn whether the motion 
proceeds always at the same rate, but also whether it 
has been uniformly ht one direction. The level of the 
land may oscillate ; and for centuries there may be a 
depression, and afterwards a re-elevation, of the same 
district. This idea is rendered the more probable by 
the observations of MM. Pingel and (xraali, Danish 
travellers, who visited Greenland in 1830-32; for they 
are convinced that part of the coast of Greenland has 
been sinking down during the last four centuries, 
tliroughout a space extending for about four hundred 
geograj/iiical miles in length ; and in consequence of 
this subsidence the habitations of the Esquimaux, 
and of the early Danish colonists, are now submerged 
at high water.'"^ 

Some phenomena in the neighbourhood of Stock- 
holm, appear to me only explicable on the supposition 
of tiic alternate rising and sinking of the ground since 
the country was inhabi^d by man. In digging a canal* 

A 

* A detailed accoiuit of these researches will shortly be pub- 
lished. The information was communicated to me at Copenhagen 
b> M. ringcl, in IS34, 
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in 1819, a| Sodert^lje, about sixteen miles to the 
south of Stockholm, to unite Lake Maeler with the 
Baltic, marine strata, containing fossil shells of Baltic 
species, were passed through. Xt a depth of about 
sixty feet, they came down iiporf what seems to have 
been a buried fishinj'-hut, constructed of wood, in a 
state of decomposition, which soon crumbled away on 
exposure to the air. The lowest part, however, which 
had atood on a level with the sea, w^as in a more 
perfect state of preservation. On the floor of this hut 
was a rude fireplace, consisting of a ring of'illtones, 
and within this wvre cinders and charred wood. On 
the outside lay boughs of the fir, cut as with an axe, 
with the leaves or needles still attached. It seems 
impossible to explain the position of this buried hut, 
without imagining, as in the case of the Temple 
of Serapis (sec p. 312.), first, a subsidence to the 
depth of more than sixty feet, then a re-clevation. 
During the period of submergence, the hut must have 
become covered over with gravel and shelly marl, 
under which not only the hut, but several vessels also 
were found, of a very antique form, and having their 
timbers fastened together by wooden pegs iiTstead of 
nails.* • 

The probable cause of these movements, w hether of 
elevation or depression,* will *be fnbre appropriately 
discussed in the follcfwing cliaptcrs, when the origin 
of subterranean heat is considered. But 1 may re- 
mark here, that the rise of Scandinavia has naturally 
been regarded as a very singular and scarcely credible 
phenomenon, because no regjon on the globe has been 
more free within the times of authentic history from 
violent earthquakes.* In common, indeed, with our 
• 8oe the paper before referred to, Pliil. Trans,, 1835, pt. i. 
tt 6 
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own island, and with ^almost every spot on the globe, 
some movements have been,' a: (liiifcrent periods, ex- 
perienced, both in Norway and Sweden, as.,during the 
earthquake of Lisbon, and on a few other occasions. 
There have also been some ri^cent shocks in Sweden, 
as in England, sufficiently local yO indicate a source 
of* disturbance immediately under the country itself, 
and not merely a tremor produced by the lateral pro- 
longation of movements from great distances. . Not- 
withstanding these shocks Scandinavia has, upon 
the whi^e, been as tranquil in modern times, and as 
free from subterranean convulsions, as any region of 
equal extent on the globe. There is also another 
circumstance, which has made tl)e change of level in 
Sweden appear anomalous, and has for a long time 
caused the jiroofs of the fact to be received with 
reluctance. Volcanic action, as we have seen, is 
usuidly intermittent; and the variations of level to 
which it has givemrise have taken place by starts, not 
by a [irolouged and insensible movement similar to 
that experienced in Sweden. 

Yet, when we are once assured of the reality of the 
gradual rise of a large region, it enables us to account 
for many geological appearances otherwise very difficult 
of explanation. There are large continental tracts and 
high tabic lands where the strata are nearly horizontal, 
bearing no marks of having been* thrown up by violent 
convulsions, nor by a series of movements, such as 
those which occur in the Andes, and cause the earth 
to he rent open, and raised or depressed from time 
to time, while masses are cngulplied in subterranean 
cavities. The result of a series of such earthquakes 
might be to produce in a ^great lafse of ages a country 
of shattered, inclined, and perhaps vertical strata. But 
a movement like that of Scandinavia would cause the 
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bed of the sea, and all the strata recently formed in it, 
to be upheaved so gradually, tha^ it would merely seem 
as if the oc^an had formerly stoochat a higher level, and 
had slowly and tranquilly sunk dov^n into its present bed. 

The fact also of a ve^ gradual and insensible ele- 
vation of land may* explain nfany geological monu- 
ments of denudation, on a grand scale. If, for ex- 
ample, instead oit the liard gi^mitic rocks of Norway 
and ^Sweden, a large part of the bed of the Atlantic, 
consisting chiefly of soft strata, should rise up, cen- 
tury after century, at the rate of about half an inch, 
or an inch, in a year, how easily might oceanic cur- 
rents, such as those described in the sixth chapter, 
sweep away the thin film of matter thus brought up 
annually w'ithin the sphere of aqueous denudation ! 
The tract, when it finally emerged, might present 
table lands and ridges of horizontal strata, with inter- 
vening valleys and vast plains, where* originally, and 
during its period of submergence, the surface may have 
been level and nearly uniform. 

These speculations relate to superficial changes; 
but others ifiust be continually in progress in the sub- 
terranean regions. The foundations of the, country, 
thus gradually uplifted in Sweden,' must <be under- 
going important modifications. Whether we ascribe 
these to the expansion *01’ sotid niatter by continually 
increasingMieat, or to the liquefaction of rock, or to 
the crystallization of a dense fluid, or the accumulation 
of pent-up, gas c%, in whatever conjectures we indulge, 
we can nevi^r doubt for a miyneiit, that at some un- 
known d^pth the structure of the globe is in our own 
timed becoming changed from day to day, throughout 
a space probably more than*a thousand mil^s in length, 
and several hundred in breadth. 
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CAUSES OF EARTHQUAKES AND VoLCANOS. 


Intimate connexion between the causes of volcanos and earth- 
quakes — Supposed original state of fusion of the planet — 
Universal fluidity not proved by spheroidal figure of the earth 
— Heat in mines increasing with the depth* (p. 350'.) — Objec- 
tions to the supposed intense heat of a central fluid — Whether 
chemical changes may produce volcanic heat (p. 363.) — Cur- 
rents of electricity circulating in the earth’s crust — Theory of 
an unoxidated metallic nucleus (p. 3*70. ) — The metallic oxides 
when heated may be deoxidated by hydrogen, 

I 

It will hardly be ([uustioned, after the description be- 
fore given of tlie phenomena of earthquakes and vol- 
canos, that both- of these agents have, to a certain 
extent, a common origin ; and I may now, therefore, 
proceed tp inquire into their probable causes. But 
first, it may be well to recapitulate some of those 
points of relation and analogy which lead naturally 
to the conclusion, ifcat tfney spiring from a common 
source. • 

TJie regions convulsed by violent earthquakes in- 
clude within them the site of all the jtctive volcanos. 
Earthquakes, sometimes^ local, sometimes extending 
over vast areas, often precede volcanic eruptions. 
The subterranean movement and ths eruption rckurn 
again and again, at irregulUr intervals of time, and 
^ with unequal degrees of force, to the same spots. TJie 
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action of either may continue for a few hours^ or for 
several consecutive yeafs. Paroxysmal convulsions 
are usually followed, in bojh cases, by long periods 
of tranquillity- Thermal and •mineral springs are 
abundant in countries gf earthquakes and active vol- 
canos. Lastly, hot* springs sitliated in districts con- 
siderably distant from volcanic vents have been ob- 
served to have tl&ir temj»erature suddenly raised, and 
the volume of their water augmented, hy subterranean 
movements. 

All these ai)pearanccs are evidently more or less 
connected with the passage of heat 1‘rom the interior 
of the earth to the surface ; and where there are active 
volcanos, there must exist, at some unknown depth 
below, enormous masses of matter intensely heated, 
and, in many instances, in a constant state of fusion. 
We have first, then, to inquire, whence is this heat 
derived ? * 

It has long been a favourite oonjccturc, that the 
whole of our planet was originally in a state of igneous 
fusion, and that the centnil parts still retain a great 
portion of their j)rimitive heat. Some have imagined, 
with the late Sir W. Uerschel, that the elemeiQtary mat- 
ter of the earth may have been first in a gaseous state, 
resembling those nebulae which we behold in the hea- 
vens, and which are of dimensibiis so vast, that some 
of them would fill llie orbits of the remotest planets 
of our system. It is conjectured that such aeriform 
matter (for in •many cases the nebulous appearance 
cannot be referred to cluste^ of very distant stars), 
if concentrated, might form solid spheres; and otliers 
have* imagined that the evolution of heat, attendant 
on condensation, imight rbtain the materials of the 
new globes in a state of igneous fusion- 
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Without dwelling on such speculations, which can 
never have any direct bearing on geology, we may 
consider how far the spheroidal form of* the earth 
affords sufficient groAnd for presuming that its pri- 
mitive condition was ^one of vuivcrsal fluidity. The 
discussion of this question would tic superfluous, were 
the doctrine of original fluidity less popular; for it 
may well be asked, why* the globe should be supposed 
to have luul a pristine shape different from the present 
one? — why the terrestrial materials, when first called 
into existence, or assembled together in one place, 
should not have been subject to rotation, so as to 
assume at once that form which alone could retain 
their several parts in a state of equilibrium ? 

Let us, however, concede that the statical figure 
may be a modification of some other pre-existing form, 
and suppose the globe to have been at first a perfect 
and quiescent sphere, covered with an uniform ocean 
— what would happen when it was made to turn 
round on its axis with its present velocity? “ A cen- 
trifugal force,'* sjiys Sir J. Herschel, “would in that 
case be generated, whose general tendency would be to 
urge the lyater at every point of the surface to recede 
from the (mn. A rotation might indeed be conceived 
so swift as to flirt the whole ocean from the surface, 
like water from a mop.* But tttis would require a far 
greater velocity than what* we nmf speak of. In the 
case supposed, the weight of the water would still keep 
it on the earth ; and the tendency to recede from the 
axis could only be satisf^d, therefore, by the water 
leaving the poles, and flowing towards the equator; 
there heaping itself up in a ridge, aiAl being retamed 
in opposition to its weight or natural \endency towards 
,the centre by the pressure thus caused. This, how* 
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ever, could not take ^dace without laying dry the polar 
regions, so*that protubersftit lan^ would appear at the 
poles, and ^a zone of ocean, be disposed around the 
equator. This would be the first*or immediate effect. 
Let us now see what .would afterwards Jiappen if 
things were allowed lo take thei!* natural course. 

“ The sea is constantly beating on tlio land, grinding 
it down, and scattering its wor»-off particles and frag- 
mentij, in the state of sand and pebbles, over its bed. 
Geological facts afford abundant proof that the exist- 
ing continents have all of them undergone this process, 
even more than once, and been entirely torn in frag- 
ments, or reduced to powder, and submerged and 
reconstructed. Land, in this view of the subject, loses 
its attribute of fixity. As a mass it might hold to- 
gether in opposition to forces wliich the water freely 
obeys ; but in its state of successive or simultaneous 
degradation, when disseminated througli the water, in 
the state of sand or mud, it is subject to all the impulses 
of that fluid. In the lapse of time, then, the protu- 
berant land would be destroyed, and sl>read over the 
bottom of the ocean, filling up the lower parts, and 
tending continually to re-model the surface, of the 
solid nucleus, in correspondence with the form of equi- 
librium. Thus after a sufficient lapse of time, in the 
case of an earth in roteftion ffie ]<oiar protuberances 
would gradually be «ut dovvli and disappear, being 
transferred to file equator (as being then the deepest 
sea), till the earth would assunm by degrees the form 
we observe it to have — that a flattened or oblate 
ellipsoid. 

“ Wfe are far frorjt meaning* here to trace the process 
bi/ which the earth really assbmed its actual form ; all 



^54* ORIGIN OF THE SPHEROIDAL, llkioklL 

we intend is to show that this is the form to which, 
under a condition o^a rotation on its axis, it must 
tend^ and which it w^uld attain even if originally and 
(so to speak) perversely constituted oUierwisc/' * 

In this passage, the authof of the ‘‘Discourse on 
the Study of Natural** Philosophy has contemplated 
the superficial effects of aqueous causes only; he might 
have added that every stream of lavji which flowed out 
of a volcano \^'ould be impelled, in a slight degree, 
towards the equatorial regions, in obedience to the 
same power ; and if the volcanic action should extend 
to great depths, so as to melt, one after another, differ- 
ent parts of the earth, the whole interior might at 
length be remodelled under the influence of similar 
changes, due to causes which may all be operating at 
this moment. The statical figure, therefore, of the 
terrestrial spheriod (of which the longest diameter 
exceeds the shortest by about twenty-live miles), may 
have been the result of gradual and even of existing 
causes, and not of a primitive, universal, and simulta- 
neous fluidity. .. 

Experiments made with the pendulum, and observ- 
ations on the manner in which the earth attracts the 

« 

moon, haye shewn that our planet is not an empty 
sphere, but that it must rather increase in density 
from the surface togjv^irck thc*centre ; and it has also 
been inferred that the equatorial protuberance is con- 
tinued inwards, that is to say, that layers of equal 
density are arranged elliptically, and symmetrically, 
from the exterior to^he centre. The inequalities, 
however, in the moon’? motion, on which this opinion 


* Herschefs Avtrononiy, ^hap. iii. 
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is founded, are so extremely slight, that it can be 
regarded as little more thafti a prtfeable conjecture. 

The meai> density of the eprth has been computed 
by Laplace to be about 5J, or m*ore than five times 
that of water. Now tin; speciho gravity of many of 
our rocks is from 2^ lo 3, and tlfe greater part of the 
metals range between that density and 21. Hence 
some have imagined that the terrestrial nucleus may 
be metallic — that it may correspond* for example, 
with the specific gravity of iron, which is about 7. 
But here a Curious question arises in regard to the 
form which materials, whether fluid or solid, might 
assume, if subjected to the enormous pressure which 
must obtain at the earth’s centre. Water, if it con- 
tinued to decrease in volume according to the rate 
of compressibility deduced from experiment, would 
have its density doubled at the depth of ninety-three 
miles, and be as heavy as mercury at thd depth of 362 
miles. Dr. Young computed that, at Ahe earth’s centre, 
steel would be compressed into one-fourth, and stone 
into one-6ighth of its bulk.* It is more*than probable, 
however, that after a certain degree of condensation, 
the compressibility of bodies may be governed^by laws 
altogether different from those which we can put to 
the test of experiment ; but the limit is still undeter- 
mined, and the subject is invelve'di in such obscurity, 
that we cannot wonder at the •variety of notions which 
have been entertained respecting the nature and con- 
ditions of the ccfttral nucleus. Some have conceived 
it to be fluid, others solid ; son^ have imagined it to 
have a cavernous structure, and have even endea- 

• Young’s Lectures, and Mrs. Somerville’s Connexion of the 
Phys^al Sciences, p. 90. 
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voured to confirm this opinion by appealing^ to observed 
irregularities in the v\bratiods of the pendulum in cer- 
tain countries. ♦ , a 

Central Heat — 1 he hypothesis of internal fluidity 
calls for the more attentive, consideration, as it has 
been found that the heat in mines augments in pro- 
portion as we desc end. Observations have been made, 
not only on the tennperature of tluj air in mines, but 
on that of the* rocks, and on the water issuing, from 
them. The mean rate of increase, calculated from 
results obtained in six of the deepest coal mines in 
Durham and Northumberland, is 1° Tahr. fora descent 
of forty-four English feet.* A series of observations, 
made in several of the principal lead and silver mines 
in Saxony, gave Fahr. for every sixty-five feet. In 
this case, the bulb of the thermometer was introduced 
into cavities purposely cut in the solid rock at depths 
varying from ttvo hundred to above nine hundred feet. 
But in other mines of the same country, it was nec;es- 
sary to descend thrice as far for each degree of tem- 
perature.f 

A thermometer was fixed in the rock of the Dolcoath 
mine, in Cornwall, by Mr. Fox, at the great depth of 
1380 feet, and frequently observed during eighteen 
months ; the mean temperature was 68° Fahr., that of 
the surface being which gives 1° for every 

seventy-five feet. • , 

Kupffer, after an extensive comparison of the re- 
sults ill diff*erent countries, makes the increase 1° F. 
for about every thirty *^ven English feet J ; and Cor- 
dier considers that it would nqt be overstated at 1° 

* * • 

* Ed. Journal of Sci.^ April 1832. 

f rordiofi Mem. de Tlnstit., tom, vii. 

j: Fog, Ann. tom. xv. p, 159. • 
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Cent, for every twenty-five metres, or about 1° F, for 

every forty, *five feet.? ^ j 

Some writers have endeavoured to refer these phe- 
nomena (wAich, however discordant as to the ratio of 
increasing heat, appear all to point one way), to the 
condensation of air ^constantly ^descending from the 
surface into the mines. For the air under pressure 
would give out latent heat, on the same principle as it 
becomes colder when rarified in the higher regions of 
the iftmosphere. But, besides that the quantity of 
heat is greater than could be suj)posed to flow from 
this source, the argument has been answered in a 
satisfactory manner by Mr. Fox, who has shown, that 
in the mines of Cornwall the ascending have generally 
a higher temperature than the descending aerial cur- 
rents, The difference between them was found to 
vary from 9^ to 17° F. : a proof', that instead of im- 
parting heat, these currents actually citrry off a large 
quantity from the mines, f 

If we adopt M. Cordier's estimate of 1° F. for every 
45 feet of depth as the mean result, and assume, witli 
the advocates of central fluidity, that the increasing 
temperature is continued downwards, we sliould reach 
the ordinary boiling point of water at about t\vo miles 
below the surface, and at the depth of about twenty- 
four miles should arrive at the malting point of iron, a 
heat sufficient to fuse almost every known substance. 
The temperature of' melted iron was estimated at 
21,000° F*, by Wedgwood ; but his pyrometer gives^ 
as is now demonstrated, very erroneous results. It 

/ 

* Cordier, dt: Tlnstit. tom. vii. 

^ t Phil *Mag. and Ann., Feb. 1830. 
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has been ascertained by Professor Daniell, that the 
point of fusion is 27(56*^ F.* • « 

By adopting the least correct of these two results, 
the melting point of, our‘ ordinary rocks w*ould be far- 
ther removed from the surface; but this difference 
does not affect the probability of, the theory now under 
consideration. According to Mr. Danielfs scale, we 
ought to encounter the internal malted matter before 
penetrating through a thickness represented by that of 
the outer circle in the annexed diagram ; whereas, if 
the other scale be correct, we should meet with it at 
some point between the two circles ; the space be- 
tween them, together with the lines themselves, repre- 
senting a crust of two hundred miles in depth. In 
either case, wc must be prepared to maintain, that a 
temperature many times greater than that sufficient to 
melt the most refractory substances known to us, is 
sustained at tbe centre of the globe ; while a compa- 
ratively thin crust, resting upon the fluid, remains 
unmelted ; or is even, according to M. Cordier, in- 
creasing in thickness, by the continual addition of new 
internal layers solidified during the process of refri- 
geration. 


♦ The heat was measured in Wedgwood’s pyrometer by the 
contraction of phre cla^ywhifh is r<^hiced in volume when heated, 
first by tbe loss of its water ^of combination, and afterwards on 
the application of more intense heat, by incipient vitrification. 
The expansion of platina is the test employed by Mr. Daniell, in 
his pyrometer, and this has been found to ylbld uniform and con- 
sistent results, such as arl^n perfect harmony virith conclusions 
drawn from various other iimependei|^ sources. The instrument 
for which the author received fSie Runlfor^ Medal from tlje Royal 
Society in 1 833, is described vi the Phil. Trans* 1830, partii., 
and 1831, part ii. 
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Fig. 45. 



The mathematical calculations of Fourier,* on the 
passage of heat through conducting bodies, !iave been 
since appealed to in support of these vievirs ; for he has 
shown that it is compatible with tlleory that the pre- 
sent temperature of *the surface might coexist with 
an intense heat, at a cert^n depth below. But his 
reasoning seems lo be confined to the conduction of 
heat through solid bodies; ar^the conditions of the 
problem are wholly alfered when we reason about a 
fluid nucleus, ad must do, if it be assumed that 
the heat augments 'from the surface to the interior, 
according to the rate observed in mines. For when 
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the heat of the lower portion of a fluid is increased, a 
circulation begins throughout th i mass, by the ascent 
of hotter, and the descent of colder currents. And 
this circulation, whui'h is* quite distinct from the mode 
in which heat is propagated through solid bodies, must 
evidently occur in th^ supposed^ central ocean, if the 
laws of fluids and of heat arc the same there as upon 
the surface. 

In Mr. Danieirs recent experiments for obtaining a 
measure of the heat of bodies, at their point of fusion, 
he invariably found that it was impossible to raise the 
heat of a large crucible of melted iron, gold, or silver, 
a single degree beyond the melting point, so long as 
a bar of the respective metals was kept immersed in 
the fluid portions. So in regard to other substances, 
however great the quantities fused, their temperature 
could not be raised while any solid pieces immersed 
in them remained unmeltcd ; every accession of heat 
being instantly absorbed during their liquefaction. 
These results arc, in fact, no more than the extension 
of a principle previously established, that so long as a 
fragment of ice remains in water, wc cannot raise the 
temperature of the water above 32'^ F. 

If» tlibn, the heat of the earth’s centre amount to 
450, 000®* F., as M. Cordier deems highly probable, 
that is to saj;^ about* twenty times the heat of melted 
iron, even according to Wedgwood’s scale, and up- 
wards of 160 times according to the improved pyro- 
meter^ it i$ ctear that the upper parts of the fluid 
mass could not long, have a temperature only just 
sufficient to melt roc» ^ ^ continual 

tendency towards a unifoim heat ; and luitil thi^ were 
accomplished, by the interchange^ of portions of fluid 
of different densities, the surface could not begin to 
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consolidate. Nor^ on the hypothesis of primitive 
fluidity, cafi we conceive any j^rust to have been 
formed until itit whole planet had cooled down to about 
the temperature of incipient fusion. 

It cannot be objected that hydrostatic pressure 
would prevent a tendencjr to ecj^ualization of temper- 
ature ; for, as far as observations have yet been made, 
it is found that the« waters of deep lakes and seas are '' 
governed by the same laws as a shallow pool ; and no 
experiments indicate that solids resist fusion under 
high pressure. The arguments, indeed, now con- 
troverted, always proceed on the admission that thet 
internal nucleus in in a state of fusion. 

It may be said that we may stand upon the hardened 
surface of a lava current while it is still in motion,— 
nay, may descend into the crater of Vesuvius after an 
eruption, and stand on the scoriae while every creyice 
shows that the rock is red-hot two or th^fee feet below 
us ; and at a somewhat greater depth, all is, perhaps, 
in a state of fusion. May not, then, a much more 
intense heat be expected at the depth of several 
hundred yards, or miles? The answer fs, — that, until 
a great quantity of heat has been given off, cither by 
the emission of lava, or in a latent form by the evolu* 
tion of steam and gas, the melted matter conlinues to 
boil in the crater of a vdeano. l^ut ebullition ceases 
when there is no longer a suffici&t supply of heat 
from below, and then a crust of lava may form on the 
top, and showers pf scorise may then descend upon the 
surface, and remain unmelted. If the intern^ heat 
be raised agam, ebullition will erecommence, and soon 
fuse tl^e superficial crust. Sojn the case of the moving 
current, we may safely assqme that no part of the 

VOL. II. R 
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liquid beneath the hardened surface is much above the 
temperature sufficienll'to retain it in a state bf fluidity. 

It may assist us \n forming a clearer view of tlie 
doctrine now controverted^ If we consider what would 
happen were a globe of homogeneous composition 
placed under circumstances analogous, in regard to the 
distribution of heat, to those above state(|.; If the 
whole planet, for exarpple, were camposeftTitfi water 
covered with a spheroidal crust of ice thick, 

and with an interior ocean having a cent^ifiiipcat about 
two hundred times that of the melting point of ice, or 
6400° F, ; and if, between the surface and the centre, 
there was every intermediate degree of temperature 
between that of melting ice and that of the central 
nucleus; — could such a state of things last for a 
moment ? If it must be conceded, in this case, that 
the whole spheroid would be instantly in a state of 
violent ebullition, that the ice (instead of being 
strengthened annqally by new internal layers) would 
soon melt, and form part of an atmosphere of steam-— i 
on what principle can it be maintained that analogous 
cftects would not follow, in regard to the earth, under 
the conditions assumed in the theory of central heat? 

M. Cornier admits that there must be tides in the 
internal melted ocean; but their effect, he says, has 
become feebl6, altl^ough originally, when the fluidity 
of the globe was perfects tlic rjse and fall of these 
ancient land tides could not have been less than from 
thirteen to sixteen feet. Now granting, for a moment, 
that these tildes have b^me so feeble as to ba incapa- 
ble of lifting up every%ix hours fissured shell of 
the earth, may we not asb'wheth#^ during .eru] 
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of volcanos^ when the tides rise ? — and whether the 
same phenomena would nt)t be (Conspicuous in Strom- 
boli, whcrctthcrc is always l^va boiling in the crater ? 
Ought not the fluids if connected with the interior 
ocean, to disappear entirply on the ebbing of its tides? 

Whether chemical changes mag produce volcanic heat, 
— Having now explained the reasons which have in- 
duced me to rejeA the hypothesis of central heat as 
the primary source of volcanic action^ it remains to 
consider what has been termed the chemical theory 
of volcanos. It is well known that many, perhaps all, 
of the substances of which the earth is composed are 
continually undergoing chemical changes. To what 
depth these processes may be continued downwards 
must, in a great degree, be matter of conjecture ; but 
there is no reason to suspect that, if we could descend 
to a great distance from the surface, we should^nd 
elementary substances differing essentially from those 
with which we are acquainted. » 

Playfair has, indeed, attempted to deduce, from an 
observation of Pallas, that we can, by the aid of geo- 
logy, see, as it were, into the interior thirty miles or 
more ; for Pallas had described, in the peninsula of 
Tauris, a series of parallel strata as regular as the 
leaves of a book, inclined at an angle of 45^ to the 
horizon, and exposed in a contiiftHOus section eighty- 
six English miles long. The height of the range of 
hills composed of these strata does not exceed twelve 
hundred feet ; but if we measure the thickness of the 
stratified mass by a line perp^dicular to its strati- 
fication, the height of the'u^ermost bed above the 
undermost must have been briginally more than sixty 
miles ; and, even allowing, says Playfair, that the strata 
had^hifled during their elevation, we may still suppose 
. R 2 
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a Uiickness of thirty miles. But, if a deception to the 
extent of one half is f^Jlowed^for, &n the scou'e of shift- 
ing, it may well be asked why the same cause might 
not have produced a^much greater amount of error ? 
I shall point out, in another place, that, besides the 
probability of a shifting of the beds during elevation, 
there may also have been an original deviation from 
horizon tality in the strata, which miglit cause them to 
assume the appearance of having been deposited in an 
ocean many leagues in depth, when, in fact, they may 
Imve been accumulated in a sea only a few hundred 
fathoms deep.* 

Nevertheless, since wc discover in mountain chains 
strata thousands effect thick, which must have been 
formed at the bottom of the sea, but arc now raised to 
the height of four or five miles above it, we may fairly 
spectate on the probability of rocks, such as are now 
on the surface, existing at the depth of several leagues 
below. 

We may next recall to mind that all the solid, fluid, 
and gaseous bodies which enter into the composition 
of the earth, consist of a very small number of ele- 
mentary substances variously combined: the total 
number 6f elements at present known is less than 
sixty; an j not half of these enter into the composition 
of the more abundant inorganic productions. 

Some portions 0 / the compounds above alluded to 
are daily resolved into their elements ; and these, on 
being set free, are always passing in|o new combin- 
ations. These processes are by no means confined to 
the surface, and are ali^t always accompanied by the 
evolution of heat, which is intense in^proportion tp the 


* Book iv. chap. xii. 
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rapidity of^the combinations. At the same time, there 
is a development of electKcity. ^ 

It is weU known that niix.tureS of sulphur and iron, 
sunk in the ground, and exposed to moisture, give out 
sufficient heat to pass gradually into a state of com- 
bustion, and to set fire to any bodies that arc near. 
The following experiment was first made by Lemery : — 
Let a large quantity of clean ir6n filings be mixed w ith 
a stiU larger proportion of sulphur, and as much water 
as is necessary to make them into a firm paste. Let 
the mixture be then buried in the earth, and the soil 
pressed down firpily upon it. In a few hours it will 
grow warm, and swell so us to laisc the ground ; sul- 
phureous vapours will make their way through the 
crevices, and sometimes flames appear. There is 
rarely an explosion; but, when this happens, the fire is 
vivid, and, if the quantity of materials is considerable, 
the heat and fire both continue for a long time.* 

The spontaneous combustion of beds of bituminous 
shale, and of refuse coal thrown out of mines, is also 
generally due to the decomposition of *pyrites ; and it 
is the contact of water, not of air, which brings about 
the change. A smouldering heat results from the 
various new combinations, which immedisftely take 
place when the sulphur and other substances are set 
free. Similar effects are'often 'produced in mines where 
no coaly matter is present, where substances capable of 
being decomposed by water are heaped together. 

On what principle heat is generated, when two or 
more bodies having a strong^ffinity for each other 
unite suddenly, is wholly unexplained ; but it is a sin- 
gular* fact that, ^hile chemical combination causes 


* Daubeny’s Volcanos, p. 356. 
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heat, the disunion of elements does not produce the 
opposite ejffect, or a cfirresponding degree Bf cold. It 
may be said that 46composition is usually brought 
about by the combination df one or more of the ele- 
ments with a new substance, and this concomitant 
agency might be supposed to ncfutralize or counter- 
balance any frigorific effects which might otherwise be 
sensible. But this explanation is)^ in many cases, 
wholly inapplicable ; as, for example, when the voltaic 
pile is used for decomposition, or in the more striking 
instance of the well-known detonating powder, the 
iodine of nitrogen, which explodes with violence in 
the open air, the instant it is touched by a cold sub- 
stance. The two elements into which this binary 
compound is resolved fly off in a gaseous form, and 
do not unite with any other body, the iodine rising in 
a purple vapour, while the nitrogen may be collected 
separately. Yc*t sudden as is the process by which 
their union is broken, we find that heat and light, 
instead of cold, are generated. 

J^lectridty a §ource of volcanic Iwat . — It has already 
been stated, that chemical changes developc electricity ; 
which, in its turn, becomes a powerful disturbing 
cause. As a chemicid agent, says Davy, its silent 
and slow operation in the economy of nature is mucli 
more important tlipn it^s gra^d and impressive ope- 
ration in lightning and thyinder. It may be considered, 
not only as directly producing an infinite variety of 
changes, but as Influencing almost all ^hich take place ; 
it would seem, indeed^ that cliemical attraction itself 
is only a peculiar form tif the exhibition of electrical 
attraction.* 


Consolations in Travel, p. S71. 
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Now that it has been demonstrated that magnetism 
and electrfcity are dlways associated, and are perhaps 
only different conditions of the game power, the phe- 
nomena of terrestrial magnetism have become of no 
ordinary interest to the geologist. Soon after the first 
great discoveries df C)ersted«in electro-magnetism. 
Ampere suggested that all the phenomena of the mag- 
netic needle miglA be explained by supposing currents 
of electricity to circulate constantly iif the shell of the 
globe in directions parallel to the magnetic equator. 
Tliis theory has acquired additional consistency the 
farther we have advanced in science; and according to 
the experiments* of Mr. Fox, on the electro-magnetic 
properties of metalliferous veins, some trace of electric 
currents seems to have been detected in the interior 
of the earth. * 

Some philosophers ascribe these currents to the 
chemical action going on in the superficial parts oi^ 
the globe to which air and water have the readiest 
access; while others refer them, in part at least, to 
thermo-electricity excited by the sqlar rays on the 
surface of the earth during its rotation; successive 
parts of the land and sea being exposed to the influ- 
ence of the sun, and then cooled again in 'the night. 
That this idea is not a mere speculation, is proved by 
the correspondence o£ the ,diur!9al vsiriations of the 
magnet with the apparent motion of the sun ; and by 
the greater amount of variation in summer than in 
winter, and during the day than in the night. M* de 
la Rive, although conceding that such minor variations 
of the needle may be due ^ tliermo-electricity, con- 
tends that the general phenomena of terrestrial mag- 


* Php. Trans. 1830, p. 899. 
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iictism nmst be attributed to currents far more intense ; 
which, though liable Ho secplai Auctuations, act with 
much greater constancy and regularity thaq.the causes 
wliich produce the Hiurnal* variations. * The remark 
seems just ; yet it ir diificul|; to assign limits to the 
accumulated influence'even of a very feeble force con- 
stant!}' acting on the whole surface of the earth. This 
subject, however, must»cvidently rerfiain obscure, until 
we become acquainted with the causes which give a 
determinate direction to the supposed electric currents. 
Already the experiments of Faraday on the rotation 
of magnets have led bin? to speculate on the manner 
in which the eartli, when once it had become mag- 
netic, might produce electric currents within itself, in 
consequence of its diurnal rotation, f 
Before leaving the consideration of thermo-elec- 
tricity, I may remark, that it may be generated by 
* great inequalities of temperature, arising from a partial 
distribution of volcgnic heat. Wlierever, for example, 
masses of rock occur of great horizontal extent, and of 
considerable depth, \^iich are, at one point in a state 
of fusion (as beneath some active volcano) ; at another, 
red hot ; and at a third, comparatively cold — strong 
thermo-electric action msiy be excited. 

Some, perhaps, may object, that, this is reasoning 
in a circle ; fir^t to irftroduce electricity as one of the 
primary causes of volcanec heat,, and then to derive 
the same heat from thermo-electric currents. But 
there must, in truth, be much reciprocal action between 
the agents now undeiv consideration ; and it is very 

difficult to decide whicl!^ should be regarded as the 

• 

• Biblioth. Uoivers., 1833;*ElwtriciNS. 
t Pliil. Tran*., 1832, p. n«. ; also pp. 172, 173, 4c. . 
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prime mover, or to see where the train of changes, 
once begun, would termin&te. ^ 

In the ovd inary operations of mature, it is in the 
atmosphere alone that we observe the action of elec- 
tricity ; and it is probabla that a moment never passes 
without a flash of li^tning striHfing some part of the 
earth. The electric fluid shatters rocks, and instan- 
taneously melts substances wh/ch are commonly re- 
garded as infusible. The air is supposed to derive a 
great part of this electricity directly from the earth 
and M. Nccker seems to have succeeded in establish- 
ing that there is a connection between the direction 
of the curves of equal magnetic intensity and the sirike 
of the principal mountain chains, f Some, also, at- 
tribute the electricity of the air to the evaporation of 
sea-water by the sun : for it can be shown, by experi- 
ment, that the conversion of salt water into vapour is 
accompanied by the excitement of electricity ; and thc^ 
process alluded to takes place on so vast a scale, — the 
measure of the quantity of evaporj^tion being the con- 
stant flow of all the rivers of the eartll, exclusive of 
the rain which falls directly into the ocean, — that a 
feeble action of this kind may become very powerful 
by accumulation, * 

During volcanic eruptions, vivid lightniiigs are almost 
invariably seen in the clbuds fif vafiour which ascend 
from the crater; and, ns theref are always one or more 
eruptions going on in some part of the globe, we are 
here presented v^th another pei^etual source of de- 
rangement. How far subterr^ean electric currents 

may possess the decomposing jiower of the voltaic pile, 

• 

« 

* Faraday, )?hil. Trans., 1832, p. 177. 
f Bibliot Univers., tom. xliii. p. 166. 
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is a question for those alone are who are farthest ad- 
vanced in the careej of discevefy in a lapidly pro- 
gressive science; but such a power would at once 
supply us with a ncJyer-fdiUng source of dnemical ac- 
tion, from which volcanic heat might be derived. 

Tlmorif of an unoaculated imtajlic nucleus* — When 
Sir H. Davy first discovered the metallic bases of the 
earths and alkalies, he threw out t^he idea that those 
metals might /ibound in an unoxi'dized state in the 
subterranean regions to which water must occasionally 
penetrate. Whenever this happened, gaseous matter 
would be set free, the metals would combine with the 
oxygen of the water, and sufficient heat might be 
evolved to melt the surrounding rocks. This hypothesis 
was at first very favourably received, both by the 
chemist and the geologist; for silica, alumina, lime, 
soda, and oxide of iron, — substances of which lavas 
are principally composed, — would all result from the 
contact of the infiammable metals alluded to with 
water. But whence this abundant store of unsatu- 
rated metals in the interior? It was assumed that, in 
the beginning of things, the nucleus of the earth was 
mainly composed of infiammable metals, and that 
oxidation went on with intense energy at first; till, at 
length, when a superficial crust of oxides had been 
formed, the «chemi(^l action became more and more 
languid. 

It must be confessed, that tliis assumption was not 
less arbitrary than that first suggested by Leibnitz, of 
an original igneous fi^^iid ; for a particular mineral con- 
dition of a primitive sotld nucleus is, to say the least, 
as bold a speculation as* a newly created mass of in- 
candescent matter. It ngould, |)er£aps, be more philo- 
sophical to begin by inquiring, whether any existing 
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causes may have the power of deoxidating the earthy 
and alkaline compounds formed^from time to time by 
the action of water upon the metallic bases ; so that 
the previous state of things^ mig^t, under favourable 
circumstances, be restored, a permament chemical 
action sustained, and a*continf;al circle of operation 
kept up. It has been suggested to me^ by Mr. 
Daniell, that we .have, in hydrogen, precisely such a 
deoxidating agent as would be required. It is well 
known to chemists, that the metallization of the most 
difficultly reduced oxides may be effected by hydrogen 
brought into contact with them at a red heat ; and it 
is more than probable that the production of potassium 
itself, in the common gun-barrel process, is due to the 
power of nascent hydrogen derived from the water 
which the hydrated oxide contains. According to the 
recent experiments, also, of Faraday, it w'ould appear 
that every case of metallic reduction byAroltaic agencju....* 
from saline solutions, in which water is present, is due 
to the secondary action of hydrogen upon the oxide; 
both of these being determined to the negative pole, 
and then reacting upon one another. 

It has never been disputed tliat intense heat might 
be produced by the occasional contact of water with 
the metallic bases ; and it is quite certain that, during 
the process of saturatiqp, va^t uq)umc£f of hydrogen 
must be evolved. The hydrogen, thus generated, might 
permeate the crust of the earth in different directions, 
and be stored qp for ages in fissures and cavern!^, 
sometimes in a liquid form, und^ the necessary pres- 
sure. Whenever, at any su'Usequent period, in con* 
sequence of the ch|inges effected by earthquakes in the 
shell of the earth, t^is gas happened to come in contact 
R 6 
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with metallic oxides at a high temperature, the reduc- 
tion of these oxides v^ould be th3*necessar^ result. 

Recapitulation , — the next chapter I shall inquire 
more particularly into the*^ ifianner in whiclb the phe- 
nomena of earthquakes and volcanos accord with the 
liypofehesis of a continued generation of heat by che- 
mical action. But, first, it may be desirable to reca- 
pitulate, in a few woyds, the conclusions already 
obtained. - • 

1st. The primary causes of the volcano and the 
earthquake are, to a great extent, the same, and must 
be connected wiA the passage of heat from the in- 
terior to the surface. 

2ndly. This heat has been referred, by many, to a 
supposed state of igneous fusion of the central parts of 
the planet when it was first created, of which a part 
still remains in the interior, but is always diminishing 

intensity. « 

3dly. The spheroidal figure of the earth, adduced 
in support of this theory, does not of necessity imply 
an universal ai^d simultaneous fluidity in the begin- 
ning ; for supposing tlie original figure of our planet 
had been strictly spherical — which, however, is a 
gratuitous^assumption, resting on no established analogy 
— still the statical figure must have been assumed, if 
sufficient time* be alk)w^d, byt tlie gradual operation 
of the centrifugal force, acting on (he materials brought 
successively within its action by aqueous and igneous 
Causes. • 

4th]y. It appears, ftom^ experiment, that the heat 
in mines increases progressively with their depth ; and 
if the ratio of increase be ctintinued uniformly from the 
surface to tlie interior, the whote globe^ with the 
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exception of a small external shelly must be fluid, and 
the central^arts mu&*t haw a tei|pperature many times 
higlier thaij that of melted iron. , 

5thly. But the theory hdoptei by M, Cordier and 
others, which maintains the actual existence of such 
a statb of things, sebms wholly* inconsistent with the 
laws which regulate the circulation of heat iihrough 
fluid bodies. Forj if the central heat were as intense 
as is ^represented, there must be a circulation of cur- 
rents, tending to equalize the temperature of the 
resulting fluid, and the solid crust itself would be 
melted. ' ‘ 

fjthl 3 \ Instead of an original central heat, we may, 
perhaps, refer the heat of the interior to chemical 
changes constantly going on in the earth’s crust ; for 
the general effect of chemical combination is the 
evolution of heat and electricity, which, in their turn, 
become sources of new chemical changes. ^ 

7thly. 7'hc existence of currents pf electricity in the 
shell of the earth has been deduced from the pheno- 
mena of terrestrial magnetism ; from Xhe connection 
between the diurnal variations of the magnet and the 
apparent motion of the sun ; from observations on the 
electro-magnetic properties of metalliferous vpins; and, 
lastly, from atmospheric electricity, which is continually 
passing between the airland tiie earth. * 

Stilly. Subterranean electee currents may exert a 
slow decomposing power like that of the voltaic pile, 
and thus becomo a constant source of chemical action,^ 
and, consequently, of volcanic teat. 

9thly. It has been suggested, that the metals of the 
earths and alkaliesbmay exist in an unoxidized state in 
thS i^bterranean regions, and that the occasional con- 
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tact of water with these metals must produce intense 
heat. The hydrpgen^ evolved during the process of 
saturation, may, on coming afterwards in contact with 
the heated metallic, oxides, reduce them again to 
metals ; and this circle of action may be one of the 
principal means by which iniernal heat, and the sta- 
bility the volcanic energy, are preserved. 
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CHAPTER XIX. 

CJIUSKS OF EARTHQUAKES AN|> VOLCANOS > 

Heat of the interior of tlie earth* — Causes of earthquakes — 
K^pansive power of condensed gases — Il6w land may be per- 
manently elevated — Expansion of rocks by beat (p.383.) — Sub- 
sidence of land — Volcanic eruptions — Geysers, of Iceland-— 
Whether decomposition of water a source of volcanic heat — 
Almost all voIca*aos near the sea (p. 391.) — Many subterranean 
changes now unseen ; therefore many geological phenomena 
obscure — Average annual number of earthquakes — Ele- 
vatory movements nlone not opposed to the levelling force of 
running water — The sinking in of the earth’s crust must ex- 
ceed the forcing out of the same by earthquakes (p, 398,) — 
Whether earthquakes have diminished in ^nergy — Conserya- _ 
tive influence of volcanic action. 


When we reflect that the largest mountains arc but 
insignificant protuberances upon thh surface of the 
cartli, and that these, mountains are nevertheless com- 
posed of different parts which have bcen^formed in 
succession, we ma.y well feci surprise tliat*the central 
fluidity of the planet should have been called in to 
account for volcanic *phen5men%. To suppose the 
entire globe to be ift a statd of igneous fusion, with the 
exception of a solid shell, not more than from thirty 
to one hundretl miles thick, and to imagine that the 
central heat of this fluid •^hcroid exceeds by more 
than two hundred times that of liquid lava, is to intro- 
^u/e a force altSgether disproportionate to the effects 
wmch it is required to explain. 
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The ordinary repose of the surface implies, on the 
contrary, an inertness^ in tl e internal mass which is 
truly wonderful. When we consider the combustible 
nature of the elements of tlite earth, so far as they are 
known to us, — the facility with which their compounds 
may be Recomposed, and made to (?ntcr into new com- 
'binationa,—- the quantity of heat which they evolve 
during these processes ; when we reoDllect the expan- 
sive power of stoam, and that water itself is composed 
ojT two gases which, by their union produce intense 
heat ; when avc call to mind the number of explosive 
and detonating compounds which have been already 
discovered, we may be allowed to share the astonish- 
ment of Pliny, that a single day should pass without 
a general conflagration : — “ Excedit profeetd omnia 
miracula, ullum diem fuisse quo non cuncta confla- 
grarent.”* 

, . ''^'he signs of internal heat observable on the surface 
of the earth do not necessarily indicate the permanent 
existence of subterranean heated masses, whether fluid 
or solid, by any pieans so vast as our continents and 
seas ; yet how insignificant would these appear if dis- 
tributed through an external shell of the globe one or 
two hundred miles in depth I The principal facts in proof 
of the accumulation of heat below the surface may be 
summed up in a' few werds- Several volcanos are con- 
stantly in eruption, as IS^tromboli and Nicaragua; 
others are known to have been active for periods of 
60, or even 150 years, as those of Sangay in Quito, 
Popocatepetl in Mexico,* and the volcano of the Isle of 
Bourbon. Many craters ciiit hot vapours in the inter- 
vals between eruptions, and solfatares evolve inces- 


Hist Muodi, lib. ii. c. 107. 
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santly the same gases as volcanos. Steam of high 
temperature has conl^nued for more than *twcnty cen- 
turies to issue from^ the stufas/’ as the^ltalians call 
them, — thermal springs abound not only in regions of 
earthquakes, but are found in almost all countries, 
however distant from active vehts ; and, lastly, the 
temperature in the mines of various parts of the world 
is found to increase in .proportion as we descend. 

It is probably to this unceasing discharge of subter- 
ranean heat that we owe the general tranquillity of 
the globe ; and the occasional convulsions which occur 
may arise from the temporary stoppage of the chan- 
nels by which heat is transmitted to the surface ; for 
the passage of caloric from below upwards may be 
compared to the descent of water from the continents 
to the sea ; and as a partial interruption of the drain- 
age of a country causes a flood, so any obstruction to the 
discharge of v«i)lcanic heat may give rise to an earth- 
quake or eruption. 

The annexed diagram* may convey some idea of 
the proportioi\ which our continents and the ocean 
bear to the radius of the earth. If all the land were 
about as high as the Himalaya mountains, and the 
ocean every where as deep as the Pacific, the whole of 
both might be contained within a space expressed by 
the thiteknijprof lii\e a and masses of nearly 
equal might be ^placed in^ the space marked by 

the line Wd, in the interior. Seas of lava, therefore, 
of the size of the Mediterranean,* or even of the 
Afjlantic, would be as nothing if distributed through 
4H&ch an outer shell of the globe as is represented by 

* Beduced, by permission, flomn ligvre in plate 40. </r Mr. 
De la Beebe's Gebkigioal Sections and Views. \ 
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tli*c shaded portion of the figure abed. If through- 
out that space we iiuagine e^ctro-chemical causes to 
be continually in operation, even of very feeble power, 
they might* give rise to heat VliicJi, if accumulated at 
certain points, might melt or render red-hot entire 
mountains, or sustain tHe temperature of stufas and 
hot springs for ages. 

Causes of earthquakes — wave-Uhe motion, — I shall 
now proceed to examine the manner inuwhich the heat 
of the interior may give rise to earthquakes; and shall 
then pass on to the probable causes of eruptions. One 
of the most common phenomena attending subterra- 
nean movements; is the undulatory motion of the 
ground. And this, says Michell, will seem less extra- 
ordinary, if we call to mind the extreme elasticity of 
tlie earth, and the compressibility of even the most 
solid materials. Large districts, he suggests, may 
rest on Huid lava; and, when this is* disturbed, jy^s 
motions may be propagated through the incumbent 
rocks. He also adds the following ingenious specu- 
lation: — “As a small quantity of vapour almost in- 
stantly generated at some considerable deptli below 
the surface of the earth will produce a vibratory motion, 
so a very large quantity (whether it be generated 
almost instantly, or in any small portion of time) will 
produce a wave-like mption., lil^ manner in which 
this wave-like motion will b^ propagated may, in spine 
measure, be represented by the following experiment : 
— Suppose alargiiB cloth, qr carpet (spread a floor), 

to be raised at one edge, and ^en suddenly brought 
down again to the floor ; thw under it, being by 
this means propel^d, will pass along, till it escapes at 
thir^pposite side, yaising the cloth in a wave afl the 
wa3yas it goes. In like manner, a large quantity of 
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vapour may be conceived to raise the earth in a wave, 
as it passes along bi:!twecnr the strata, which it may 
easily separate in Of horizontal direction, (there being 
little or no cohesion'be tween one stratum and another. 
The part of the earth that is first raised, being bent 
from its natural form*, wall endeavour to restore itself 
by its elasticity ; and the parts next to it being to have 
their weight supported by the vhpour, which will 
insinuate itself under them, will be raised in* their 
turn, till it either finds some vent, or is again con- 
densed by the cold into water, and by that means pre- 
vented from proceeding any farther.’’ • 

To this hypothesis of Michcll it has been objected, 
with some reason, that the wave-like movements of 
the surface of the land during earthquakes, though 
violent, are on a very minute scale ; as appears from 
the account of tall trees touching the ground with 
^heir tops, and then resuming their erect position, the 
sea-sickness experienced by spectators, and other phe- 
nomena, clearly indicating that the radius of each 
superficial curvature is very small. On the other 
hand, the sudden fracture, it is said, of solid strata, 
might produce a vibratory jar; which, being propa- 
gated in mndui^ons through a mass of rock several 
thousand feet thick, would give rise to superficial 
waves, even tliougft *thef subjacent crust of the globe 
were entirely solid, and ifot reposing either on fluid or 
gaseous matter, f 

^he facility with which all the pcArticles of a solid 
$0sa can be made to vit^rate, may be illustrated, says 

* On the Cfiuse (uid Fhenom|na fkC Eartitquakes, Phil. 
sect 58, 1760. 

"i f Quarterly Review, No. hxxvi. p. 46S. 
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Giiy-Lussac, by many familiar examples. If we apply 
the ear to oAe end of«a loQg wooden beam, and listen 
attentively when the other end is struck by a pin’s 
head, we hear the shock distihctl)*; which shows that 
every fibre throughout the whole length has been 
matle to vibrate. IHie rattling, of carriages on the 
pavement shakes the largest edifices ; and in the quar- 
ries underneath some quarters ii\ Paris, it ii^ found that 
the movement is communicated through a consider- 
able thickness of rock.* 

The rending and upheaving of continental masses 
arc operations which are not difficult to explain, when 
wc are once convhiccd that heat, of sufficient power 
not only to melt, but to reduce to a gaseous form a 
great variety of substances, is accumulated in certain 
parts of the interior. We see that elastic fluids are 
capable of projecting solid masses to immense heights 
in the air ; and the volcano of Cotopaxi has beetir 
known to throw out, to the distancq of eight or nine 
miles, a mass of rock about one hundred cubic yards 
in volume. When we observe these aeriform fluids 
rushing out from particular vents for months, or even 
years, continuously, what power may we not expect 
them to exert in other places, where they happen to 
be confined under an enormous weight of rock ? 

Liquid gases, — The Qxper'ynentis of ^'araday and 
others have shown, within tbq last twelve years, that 
many of the gases, including all those which are most 
copiously disengaged from volcanic vents, as the car- 
bonic, sulphurous, and muriatic* acids, may be con- 
densed into liquids by pressurj. At temperatures of 
from 30° to 50° F.,^the pressure required for this pur- 
posjTlmries from fifteen to fifty atmospheres ; and this 
/ * Ann. de Ch. et de Ph., tom. xxii. p, 428. 
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amount of pressure we may 

fidant in the operatioas of naturev^^||^blumh olF'^suf^ 
vlan la^a that would ‘reach from thef^ of the crater to 
the level of the sea, ihusf be^equ^ to about three hun- 
dred atmospheres ; so that, at depths which may be 
termed moderate in the ittWior of the crust of the 
eartli, the gases may be condensed into liquids, even 
at very high temperatures. The method employed to 
reduce some ot these gases to a liquid state «is, to 
confine the materials, from the mutual action of which 
they arfe evolved, in tubes hermetically sealed, so that 
the accumulated pressure of the vapour, as it rises 
and expands, may force some part of it to assume the 
liquid state. A similar process may, and indeed must, 
frequehtly takfe’ place in subterranean caverns and 
fissures, or even in the pores and cells of many rocks ; 
by which means, a much greater store of expansive 
power may be packed intb a small space than could 
happen if these wapours h£id not the property of 
becoming liquid. For, although the gas occupies 
much less room in a liquid state, yet it exerts exactly 
the same pressure upon the sides of the containing 
cavity aSb if it remained in the form of vapour. 

If a tube, whether of glass or other materials, filled 
with condensed gas, have its temperature slightly 
raised, it will oftefi 'bufst ; f($r a slight increment of 
hent causes the elasticity of the gas to increase in 
a very high ratio. We have only to suppose certain 
rocks permeated by these liquid gfhses (as porous 
strata are sometimes &lled with wate^), to have their 
temperature raised sonJfe hundred degrees; and we 
obtain a power capable of lifting superlncuA^bent 
masses of almost any conceivable thickness ; wlulc, 
if the depth at which the gas is confined be gkeat, 
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diere is no reason to suppc^se that any other ap- 
pearances >^auld be Mritnessed |jy' thel inhabitants of 
the surface ^than vibratory movements and rents, from 
which no vapour might esohpe. making their way 
through fissures a very few miles pnly in length, or in 
forcing a passage through s6fb yielding strata, the 
vapours may be cooled and absorbed water. For 
water has a strong •affinity to several of tlie gases; and 
Avill absorb large quantities, with a very ‘slight increase 
of volume. In this manner, the heat or the volume of 
springs may be augmented, and their miner£d proper- 
ties made to vary. 

elevation and anhstdence, — It is easy to 
conceive that the shattered, rocks may assume an 
arched form during a convulsion, so that the country 
above may remain permanently upheaved. In other 
cases, gas may drive before it masses of liquid lava, 
which may thus be injected into newly opened fissurm 
The gas having then obtained m(;^e room, by the 
forcing up of the incumbent rocks, may remain at 
rest ; while the lava, congealing in the rents, may 
afford a solid foundation for the newly raised district. 

Experiments have recently been made in America, 
by Colonel Totten, to ascertain the ratio acc(;^ding to 
which some of the stones commonly used in archi- 
tecture expand with gi^jen increments ^f heat.* It 
was found impossible,^ in a eguntry where the annual 
variation of temperature was more than 90° F., to make 
a coping of stongs, five feet in length, in which the 
joints should fit so tightly as not^tc/admit water between 

the stone and the cement ; theif annual contraction and 

« 

* AmericSti Joum., vol. xxH. p. 136. Tbe appli- 

cation these results the theory of earthquakes, was first 
suggegl^ to me by Mr. Babbage. 



384^ CAUSES OF ELEVATION. H. 

expAusion of the stones causing, at the junctions, sm^l 
crevices, the width of whici ^varied with the nature of 
the rock. It was ascertained that fine-grained granite 
expanded with 1® F.at the rate of •000004S25 ; white 
crystalline marble *000005668 ; and re i sandstone 
•000009532, or about twice as much as granite. 

Now, according to this law of expinsion, a mass 
of sandstone, a m^’ in thickness, whicn should ^avc 
its temperature raised 200° F., would lift a suj>er- 
imposed layer of rock to the height of ten feet above 
its former level. But, suppose a part ot the earth’s 
crust, one hundred miles in tbick»"‘“‘ss and equally 
expansible, to have its temperature' raised 600° ^or 
8(X)°, this might produce an elevation of between 
two and three thousand feet. The cooling ofthi* same 
mass might afterwa^'ds cause the overlying rocks to 
sink down again and resume their original position. 

such agency we might explain the gradual rise of 
Scandinavia or the subsidence oi Greenland, if this 
last phenomenon shouldelsobe established as a fact on 
further inquiry. 

It is also possible that as the clay in Wedgwood’s 
pyrometer contracts, by giving off its water, and then, 
by incipient vitrification; so, large masses of argil- 
laceous strata in the earth’s interior may shrink, when 
subjected to heat ai?,d chemical changes, and allow the 
incumbent rocks to subside gradually. It may fre- 
quently happen that fissures of great extent may be 
formed in rocks simply by the unequal expansion of a 
continuous mass, heated in one part, while in another 
it remains at a compara^ely low temperature. The 
sudden subsidence of land' may also^ be occasioned by 
subterranean caverns giving way, when gases areVptHi- 
densed, or when they escape through newly-foCTed 
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crevices. The subtraction, moreover, of matter from 
certain parfs of the ihterior, by t)ie flowing of lava, and 
of mineral springs, must, in the course of ages, cause 
vacuities below, so that the undA'mined surface may 
at length fall in. , • 

Cattse of volcanic •— The most probable 

causes of a volcanic outburst at the surface have been 
in a ♦’■reat degree {Anticipated in the preceding specu- 
lation^ on the liquefaction of rocks and the generation 
of gases. When a minute hole is bored in a tube filled 
with gas condensed into a liquid, the whole becomes 
instantly aeriform, or, as some writers have expressed 
it, ‘‘ flashes into vapour,'* and often bursts the tube. 
Such an experiment may represent the mode in which 
gaseous matter may rush througli a rent in the rocks, 
and continue to escape for days o'^ weeks through a 
small orifice, with an explosive power sufficient to 
reduce every substance which opposes its passage into 
small fragments, or even dust. Lava may be propelled 
upwards at the same time, and ejected in the form of 
scoriae. In some places, where the fluid lava lies in a 
space intervening between a fissure, communicating 
with the surface, and a cavern in which a considerable 
body of vapour has been formed, there will be an efflux 
of lava, followed by the escape of gas. Eruptions 
often commence and close *with* the discliarge of 
vapour ; and, when this is the case, the next outburst 
may be expected to take place by the same vent, for 
the concluding efolution of clastic fluids will open the 
duct, and leave it unobstruct^. 

The breaking out of lava from the side or base 
of a l^y cone, rather than from the summit, may be 
attnbnted to the hydrostatic pressure to which the 
fianhS of the mountain are exposed, when the column 
vor*. ii. s 
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of lava has risen to a great height. If, before it has 
reached the top, ther^ should happen to be^"a stoppage 
of the main duct, thfs upw^ard pressure of fhe ascend- 
ing column of gas an@[ lava ibay be sufficient to burst a 
lateral opening. 

> Geysers Jceland,^^ As aqueous vapour constitutes 
the most abundant of the aeriform products of vol- 
canos in eruption, it may be well ^o consider atten- 
tively a case in'wiiifch steam is exclusively the n^oving 
power — that of the Geysers of Iceland. These inter- 
mittent hot springs occur in a district situated in the 
south-western division of Iceland, where nearly one 
hundred of them are said to break out within a circle 
of two miles. They rise through a thick current of 
lava, which may perhaps have flowed from Mount 
Hecla, the summit of that volcano being seen from 
the spot at the distance of more than thirty miles. 
In this distridl, the rushing of w'ater is sometimes 
hjeard in chasms beneath the surface ; for here, as on 
Etna, rivers flow in subterranean channels through the 
porous and cavernous lavas* It has more than once 
happened, afler earthquakes, that some of tlie boiling 

fountains have increased or diminished in violence 

< 

and volume, or entirely ceased, or that new ones have 
made their appearance — changes which may be 
explained by fiie ope!hing of new rents and the closing 
of pre-existing fissures. It has of^en been reported that 
the powers of the Geysers are, upon the whole, on the 
decline ; but the description given by Mr. Barrow, Jun. 
of the eruptions in 18%4<^^gtees very closely with that 
of Sir Banks, writtei^more tlian 60 years before.*' 
Few of the Geysers play longer than five V^six 

flee Barrow's visit to Iceland, ch. vi. 1834. \ 
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minutes at a time, and the intervals between their 
eruptions are for th^ most part^very irregular. The 
great Geyser rises out of a spacious basin at the sum- 
mit of a circular mound* comp&ed of siliceous in- 
crustations deposited frgm the tspray of its w^aters. 
The diameter of this basin, in ohe direction, is fifty-six 
feet, and forty-six in another. 



View qft/ic Crater of the gf rat deyter in Iceland, * 

In the centre is a pipe seventy-eight feet in perpen- 
dicular depth, anti from eight to«tpn feat in diameter, 
but gradually widening, as it rises into the basin. 
The inside of the balin is whitish, consisting of a sili- 
ceous crust, and perfectly smooth, as are likewise two 
small channels on the sides of the mound, down which 
the water escapes when the ifj^wl is filled to the margin* 
The circular basin^is sometimes empty, as represented 

* lleduccd from asitetch given by*W. J. Hooker, M,D«, in 
Ins mbur in Iceland, vol. i. p. 149. 

s2 
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in the above sketch ; but is usually filled wjth beauts 
fully transparent water in a state of ebullition. During 
the rise of the boiling w.ater in the pipe, « especially 
when the ebullition is most violent, and when the 
water is thrown up in jets, .subterranean noises are 
heard, like the distant^ring of cannon, and the earth 
is slightly shaken. The sound then increases and the 
motion becomes more violent, till af length a column 
of water is thrown '-up, with loud explosions, to the 
height of one • or two hundred feet. After playing 
for a time like an artificial fountain, and giving off 
great clouds of vape^, the pipe or lube is emptied; 
and a column of steam rushing up with amazing force 
and a thundering noise, terminates the eruption. 

If stones are thrown into the crater, they are in- 
stantly ejected ; and such is the explosive force, that 
very hard rocks are sometimes shivered by it into 
snfall pieces. ‘Henderson found that by throwing a 
great quantity of large stones into the pipe of Strockr, 
one of the Geysers, he could bring on an eruption in 
a few minutes.^ The fragments of stone, as well as 
the boiling water, were thrown in that case to a much 
greater height than u^ual. After the water had been 
ejected, axcolumn of steam continued to rush up with 
a deafening roar for nearly anhour ; but the Geyser, 
as if exhausted by tifis effort, did not send out a fresh 
eruption when its usual interval of rest had elapsed. 

Among the different theories proposed to account 
for these phenomena, 1 shall first mention one sug- 
gested by Sir J. HerschelY An imitation of these jets, 
he says, may be produced on a small scale, by heating 
hot the stem of a tobacco pipe, filling the^owl 
^ #ith water, and so indinihg the {)ipe as to lefmc 

* Journal of a Residence in Iceland, p. 74. 
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water run through the stem. Its escape, instead of 
taking p1a<fie in n continijed stream, is then performed 
by a succession of violent explos^ions, at first of steam 
alone, then of water mixed* witlF steam ; and, as the 
pipe cools, almost wholly of water. At every such 
paroxysmal escape ‘of tlie water a portion is driven 
back, accompanied with steam, into the bowl. Tlie 
intervals betweeni the explosions depend on the heat, 
length* and inclination of the pipe ; their continuance, 
on its thickness and conducting power.^ The applh 
cation of this experiment to the Geysers merely re- 
quires that a subterranean strej^, flowing through 
the pores and crevices of lava, should suddenly reach 
a fissure, in which the rock is red hot, or nearly so* 
Steam would immediately be formed, which, rushing 
up the fissure, might force up water along with it to 
the surface, while, at the same time, part of the 
steam might drive back the water of the supply fisr a 
certain distance towards its soureq. And when, afler 
the space of some minutes, the steam was all condensed, 
the water would return, and a repetition of the phe- 
nomena take place. 

There is, however, another mode of explaining the 
action of the Geyser perhaps more probablf than that 
above described. Suppose water percolating from the 
surface of the earth to^peneU^at^ into the subterranean 
cavity AD by the^fissuresi FF, while, at the same 
time, steam, at an extremely high temperature, such 
as is commonlyagiven out from the rents of lava cur- 
rents during congelation, ejnatlates from the fissures 
C. A portion of the steany Is at first condensed into 
water, w-hile thob temperaJure of the water h raised 

MS. read to Geol. Soc. of London, Feb. 29. 1832. 
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by the latent heat thus evolved, till, at last, the lower 
part of the cavity is filled i%>th boiling water and the 
upper with steam under high pressure. Th^ expansive 
force of the steam buconies, at length, so great, that 
the water is forced up the fissure or pipe E B, and 
runs oyer the rim of ^the basin. ‘When the pressure 
is thus diminished, the steam in the upper part of the 
cavity A expands, until all the water D is driven into 
the pipe; and .when this happens, the steam,' being 
the lighter of the two fluids, ruslies up through the 



water with great velocit]^5 If the pipe be choked up 
artificially, even for a few, minutes, a great increase ot 
heat must take place; for it, is prevented from eseWng 

* From Sir George Mackenzie’s Iceland. ^ 
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in a latent form in steam ; so that the water is made 
to boil mofe violently^ ayd this brings on an eruption. 

If we suppose that large subiferranean cavities exist 
at the depth of some miles^belav the surface of the 
earth, in which melted lava accumulates, and that 
water penetrates iirto these, tl^je steam thus generated 
may press upon lava and force it up the duct of a 
volcano, in the aame manner^ as a column of water is 
driveit up the pipe of a Geyser. 

Agency of water in volcatios^ — No theory seems at 
first more improbable, than that which represents 
water as affording an inexhaustible supply of fuel to 
the volcanic fire^ ; yet, if subterraneous heat be derived 
from chemical action, as before hinted, and if electric 
currents in the crust of the earth may exert a slow de- 
composing power, the hypothesis is far from visionary. 

It is a fact that must never be overlooked, when we 
arc speculating on the probable causes of volctpios, 
that, while a great number are entirely submarine, the 
remainder are for the most part in islands or maritime 
tracts. There are a few exceptions, bpt some of these, 
as Dr. Daubeny observes, are near inland salt lakes, 
as in Central Tartary ; while others form part of a 
train of volcanos the extremities of which are near 
the sea. Thus Jorullo, in Mexico, though itself not 
less than forty league^ from,the^neare#t ocean, appears 
to be connected with tlie vplcano of Tuxtla on the one 
hand, and that of Colima on the other ; the first bor- 
dering on the Atlantic, the latter on the Pacific Ocean. 
This communication is rendered more probable by the 
parallelism that exists between these and several inter- 
mediate volcanic hills.* ♦ 

Sec Daubeny 's remarks — “Volcanos,'* p. 1368. 

S 4j 
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Sir H. Davy supposes that, when the sea is distant, 
as in the case of some of the* l^outU Americah volcanos, 
they may still be sujiplied with water fr^m subter- 
ranean lakes ; since,t) according to Humboldt, large 
quantities of fish are often thrown out during erup- 
tions.* , 

It has been ^ready stated, that the gases exhaled 
from volcanos, together, with steam, are such as would 
result from the /lecomposition of salt water, abd the 
fumes which escape from the Vesuvian lava have been 
observed to deposit common salt.f The emission of 
free murii|tie acid gas in great quantities favours the 
theory of ^e decomposition of the salt contained in 
sea water ; but M. Boussingault did not meet with 
this gas in his late examination of the elastic fluids 
evolved from the volcanos of equatorial America. He 
informs us, that the same are given out by all the 
diifi(;rent vents, ^namely, aqueous vapour, in very large 
quantity, carbonic acid gas, sulphurous acid gas, and 
sometimes fumes of sulphur. The same naturalist 
found by analyses, that all the thermal waters of the 
Cordilleras were charged with sulphuretted hydrogen 

gas4 . 

M. Gay'Lussac, while he avows his opinion that the 
decomposition of water contributes largely to volcanic 
action, calls attention,* neverthqjess, to the fact, that 
hydrogen has not been detected jin a separate form 
among the gaseous products of volcanos ; nor can it, 
he says, be present; for, in that case, it would be 
inflamed in the air by ^he red-hot stones thrown out 
during an eruption. Dr.^t)avy, also, in his account 

• Phil. Trans., 1828/p. 250, * 

t Davy, Phil. Tl'ans.,^1828, p.C44. 

^ Ann. de Cliim. et dc Phys., tom. lii. p. 181. 
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of Graham island, says, I watched when the light- 
ning washiost vivid,* an^ the eruption of the greatest 
degree o^ violence, to see if tfi^ re was any inflamma- 
tion occasioned by this 'natura> electric spark — any 
Indication of the presence of inflammable gas ; but in 
vain.** * • * * 

May not the hydrogen, Gay Lussac inquires, be 
combined with cdilorine, and^produce muriatic acid? 
for ^tRis gas has been observed to he evolved from 
Vesuvius — and the chlorine may have been derived 
from sea salt ; which was, in fact, extracted by simple 
washing from the Vesuvian lava of 1822, fa the pro- 
portion of nine *per cent, f But it was answered, that 
Sir n. Davy*s experiments had shown, that hydrogen 
Is not combustible when mixed with muriatic acid 
gas; so that if muriatic gas was evolved in large 
quantities, the hydrogen might be present without 
inflammation.;]: « • 

M, Gay Lussac, in the memoij just alluded to, ex- 
presses doubt as to the presence of sulphurous acid ; 
but the abundant disengagement of. this gas during 
eruptions is now ascertained: and thus all difficulty 
in regard to the absence of hydrogen in an inflammable 
state is removed. For, as Dr. Daubeny sypposes, the 
hydrogen of decomposed water may unite with sulphur 
to form sulphuretted ^ydrogcir gas, imd this gas will 
then be mingled ^ith the, sulphurous acid as it rises 
to the crater. It is shown by experiment, that these 
gases mutually decompose each other when mixed 
where steam is present ; ]}art*of the hydrogen of the 
one immediately uniting wjth the oxygen of the other, 

* • rhil. Trans*, 1832, p 240. 

' t Ann. de Chim. et de l%ys., tom. xxii. 

I ^ Quart. Journ. of Science, 1823, p. 132. note by editor. 
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to form water, while the excess of sulphurous acid alone 
escapes into the atmosphere. ^ Sulphur is atf the same 
precipitated, ' ^ 

This explanation ist sufficient, but it may be asked, 
whether the flame of hydrogen would be visible during 
an eruption ; as that gas^ when inflamed in a pure state, 
burns with a very faint blue flame, which even in the 
night could hardly be perceptible bycthe side of red- 
hot and incandescent cinders. Its immediate c6nver- 
sion into water when inflamed in the atmosphere, might 
also account for its not appearing in a separate form. 

When treating of springs and overflowing wells, I 
have stated ^thnl porous rocks are percolated by fresh 
water to great depths, and that sea-water probably 
penetrates in the same manner through the rocks which 
form the bed of the ocean. But, besides this universal 
circulation in regions not far from the surface, it must 
be supposed tha{, wherever earthquakes prevail, much 
larger bodies of water will be forced by the pressure 
of the ocean into Assures at greater depths, or swal- 
lowed up in chasms ; in the same manner as, on the 
land, towns, houses, cattle, and trees are sometimes 
ongulphed. It will be remembered, that these chasms 
often closed again after houses have fallen into them ; 
and, for the same reason, when water has penetrated 
to a mass of melted Java,, the steam into which it is 
converted may often rush ^out at a different aperture 
from that by which the water entered. The frequent 
explosions caused by the generation of steam in the 
neighbourhood of the sen or of deep lakes, may shatter 
the solid crust of the eart^^ and allow the free escape 
of gases and lava which, but for tl^is cause, might 
never liavc reached the ^surface, an^ might only have 
^iven rise to earthquakes. 
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Dr. Daubeny has suggested that water containing 
atmosphefic air may descend from the surface of the 
earth to tjje volcanic foci, and tlyit the same process of 
combustion by which whter is^decomposed "may de- 
prive such subterranean air of its oxygen. In this 
manner we might Explain the great quantities of nitro- 
gen evolved from volcanic vents, and thermal waters, 
and the fact that air disengaged from the earth in 
voIcaAic regions is either wholly or ia part deprived of 
its oxygen. 

Sir H. Davy, in his memoir on the “ Phenomena of 
Volcanos,” remarks, that there was every reason to 
suppose in Vesuvius the existence of a descending cur- 
rent of air; and he imagined that subterranean cavities 
which threw out large volumes of steam during the 
eruption, might afterwards, in the quiet state of the 
volcano, become filled with atmospheric air.* The 
presence of ammoniacal salts in volcanic emanaiions, 
and of ammonia in lava, favours greatly, says Dr. Dau- 
beny, the notion of air as well as water being deox- 
idated in the interior of the earth, f , 

Such phenomena admit of a ready explanation cm 
the principles of the chemical theory of volcanos, con- 
sidered in the last chapter; but arc left j!inexplained 
by the hypothesis of the gradual contraction of an 
external crust upon fluid,nuel«u5. ^ 

Importance of attending^ to the tmseen volcanic phe^ 
nomena. — In concluding these remarks on the causes 
of volcanos and earthquakes, I may observe, that spe- 
culations and conjecture's On this obscure subject 

* Phil. Trans. 1828. ^ 

•f Ammonia is^composed of hydrogen and nitrogen ; or the 
elements of nir without its oxygen. See Daubeny, Encyc. Metro^., 
l\iirt <10. 



396 


SUBTERRANEAN CHANGES. 


[Book 11, 


should be encouraged ; because a great step is gainedT, 
if geologists are rendered mor*' conscious of the changes 
in the earth’s crust nW going on out of sight, and 
under circumstances ividely different from any which 
can ever come within the sphere of human observ- 
ation. In estimating tl^e effects of ^sxisting causes, we 
are too apt to confine our views to operations such as 
we actually see in progress upon the b^bitable surface, 
regardless of tho^e which must be gomg on kt vurious 
depths below. But when we examine the geological 
structure of (lie earth, we behold the results of former 
processes both subterranean and superficial; and re- 
cognize at once the exact agreemenfof many of the 
superficial class with the effects of known causes. To 
what agency, then, ought we to refer the phenomena 
which still remain unexplained ? Surely not to imagi- 
nary forces, which may by possibility have prevailed 
in tlvj infancy of the planet ; but rather to the unseen 
portion of that machinery which is still at work. Let 
it be supposed that a person has made such progress 
in a foreign language — German, for example — that, 
in perusing the works of living authors, he understands 
the meaning of about two thirds of what he reads. If, 
on taking bp a book written two or three centuries 
ago, he finds that he is able to interpret about as much 
of that also, he flight nati^rally conclude that the lan- 
guage had remained the s^me, or nearly the same, 
during the intervening time. Would he have any 
doubt respecting this identity, from bfing unable to 
comprehend all that is •written in the older volume ? 
or would he not, on the contrary, think it unreasonable, 
labile he remains ignorant of a great part of the liYing 
language, to expect to. interpret evjery thing in the 
Aicientbook? \ 
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The balance of dry land^ how preserved , — In tlic 
present slnte of ouf knowledge, we cannot pretend to 
estimate tlie average number ^of earthquakes which 
may happen in the course *of % single year, u As the 
area of the ocean is nearly three times that of the 
land, it is probabl# thaf about^ Ihree submarine earth- 
quakes mfty occur for one exclusively continental: and 
when we considq^ the great frequency of slight move- 
nientiT in \;ertain'districts, we can hafdly suppose that 
a day ever passes without one or more shocks being 
experienced in some part of the globe. We have also 
seen that in Sweden, and other countries, changes in 
the relative level of sea and land may take place 
without commotion, and these perhaps produce the 
most important geographical and geological changes ; 
for the position of land may be altered to a greater 
amount by an elevation or depression of one inch over 
a vast area, than by the sinking of a mpre limited jract, 
such as the forest of Aripao, to the depth of many 
fathoms at once.* 

It must be evident, from the historical details above 
given, that the force of subterranean movement, 
whether intermittent or continuous, whether with or 
without disturbance, does not operate at random, 
but is developed in certain regions only; and although 
the alterations produced durvqg tl]^ time required 
for the occurrence of^ a few volcanic eruptions may be 
inconsiderable, we^can hardly doubt that, during the 
ages necessary for the formation of large volcanic 
cones, composed of thousanda of lava currents, shoals 
might be converted into lif^y mountains, and low lands 
intq deep seas. ^ 


* See p. 251. 
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In a former chapter, I have stated that aqueous and 
igneous agents may be regar.^cd as antagonist forces; 
the aqueous labouringSncessantly to reduce the in- 
equalities of the ear tie's surface to a level, while the 
igneous are equally active in renewing the unevenness 
of the surface.* By ,some ‘geologists it has been 
"thought that the levelling power of running water was 
opposed rather to the eh^atintjf forces of earthquakes 
than to their actiofi generally. This opinion is,1io^ever, 
untenable ; for the sinking down of the bed of the ocean 
is one of the .means by which the gradual submersion 
of land is prevented. The depth of the sea cannot be 
increased at any one point without a Viniversal fall of 
the waters, nor can any partial deposition of sediment 
occur without the displacement of a quantity of water 
of equal volume, which will raise the sea, though in an 
imperceptible degree, even to the antipodes. The 
presq)"vation, th^efore, of the dry land may sometimes 
be effected by the subsidence of part of the earth’s 
crust (that part, namely, which is covered by the 
ocean), and in like manner an upheaving movement 
must often tend to destroy land ; for if it render the 
bed o^4;he sea more shallow, it will displace a certain 
quantity of water, and thus tend to submerge low tracts. 

Astroftem^ers having proved that there has been no 
change in the di-nne^ea* of the earth during the last 
two thousand years, wc may assume it as probable, 
that the dimensions of the planet remain uniform.f 
If, then, we inquire in what manner the,force of earth- 
quakes must be regulated, in order to restore perpe- 
tually the inequalities of surface which the level- 
ling power of water tends to efface, ij will be foqnd. 


Book ii. chap, i. 


t Vol. i. p. 217. 
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tfiat the amount of depression must exceed that of 
elevation. • It would be ptherwise if the action of vol- 
canos and^mineral springs werf ^suspended ; for then 
the forcing outwards of *the earth’s envelope ought 
to be no more than equal to its sinking Tn. 

To understand nhis 'propoi^ition more clearly, it 
must be borne in mind, that tlie deposits of rivers and 
currents probabl}^ add as mud) to the height of lands 
which ■are*rising, as they take from those which have 
risen. Suppose a large river to bring down sediment 
to a part of the ocean two thousand feet deep, and 
that the depth of this part is gradually reduced by the 
accumulation of^ sediment till only a shoal remains, 
covered by water at high tides ; if now an upheaving 
force should uplift this shoal to the height of 2000 feet, 
the result would be a mountain 2000 feet high. But 
had the movement raised the same part of the bottom 
of the sea before the sediment of the« river had filed 
it up; then, instead of changing a shoal into a mountain 
2000 feet high, it would only have converted a deep 
sea into a shoal. 

It appears, then, that the operations of the earthi- 
quake are. often such as to cause the levelling power 
of water to counteract itself ; and, although the idea 
may appear paradoxical, we may be sure, \^ierevcr we 
find hills and mountains composed ^f stratified de- 
posits, that such inequalities of the surface would have 
had no existence water, at some former period, had 
not been laboiq^lng to reduce the earth’s surface to one 
level. • 

But, besides the transfe/j)f matter by running water 
from the continents to thft ocean, there is a constant 
transportation from below» upwards, by mineral springs 
and volcanic vents. As mountain masses are, in the 
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course of ages, crektecl % ti^e pouring, of suc- 
cessive streams of lat^, so ftraiifi^d mMtf, of great 
extent, originate frogi' the deposition of cs^rbonate of 
^me, and other minertM ingre^dients, with which sprisj^ 
are impregnated. The surface of the land, and por- 
tions of the bottom of. the sea, bethg thus raised, the 
external accessions due to these operations would 
cause the dimensions pf the planets to enlarge con- 
tinually, if the -amount of depression of tlie l^i^rth s 
crust were no more than equal to the elevation. In 
order, therefore, that the mean diameter of the earth 
should remain uniform, and the unevenness of the sur- 
face be preserved, it is necessary that the amount of 
subsidence should be in excess. And such a predo- 
minance of depression is far from improbable, on me- 
chanical principles, since every upheaving movement 
must be expected either to produce caverns in the 
mass below, or l,o cause some diminution of its density. 
Vacuities must, also, arise from the subtraction of the 
matter poured out from volcanos and mineral springs ; 
and the foundations having been thus weakened, the 
earth’s crust, sh^en and rent by reiterated convul- 
sions, must, in W?course of time, fall in. 

If wp embrace tliese views, important geological 
consequences will follow ; since, if there be, upon the 
whole, more subsidotice l^^han plevation, the average 
depth to .which former surfaces have sunk beneath 
their original level must exceed the height which an- 
cient marine strata have attained above the sea. If) 
for example, marine strata, ^ about the age of our chalk 
and green-sand, have be^ liilted up in Europe to an 
extreme height of more than eleven thousand feet,, and 
a mex^n elevation of some hundreds,, we may conclude 
that certain parts of the surface, which existed when 
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tfiose strata were deposited, have sunk to an extreme 
depth of hiore than, eleven thousand feet below their 
original level, and to a mean dc^^th of more than a few 
hundreds. • * <§ 

In regard to faults, also, we must infer, according ^ 
the hypothesis now proposed,, that a greater number 
have arisen from the sinking down than from the ele- 
vation of rocks, g 

Mr.^Cohybeare, and some other waiters, have con-* 
tended, that the upheaving force of earthquakes was 
more energetic during remote geological epochs, and 
that it has since been gradually on the decline*; while 
M. Elie de Beaulnont, on the contrary, maintains, that 
the most tremendous of known convulsions belong to 
times comparatively modern.f But in order to com- 
pare the relative amount of change produced, at dif- 
ferent periods, by any given cause, we must obtain 
some standard for the measurement nf time atJ)oth 
the periods compared. 

I have shown that, during the last two thousand 
years, considerable tracts of land havp been upheaved 
above, or depressed below their former level, f Now, 
they who contend that a greater or less amount of 
change was formerly accomplished in an eqilal number 
of years, must first explain the mode in whicli they mea- 
sure the time referred^ to ; fpr thoy ciwnot, in geology, 
avail themselves of the anni^al revolutions of our planet 
in its orbit* If they assume that the power of volcanos 
to emit lava, and of running water to transport sedi- 
ment from one part of tlm globe to the other, has 

• Phil. Mag., No. 48. Dec. 1^30, p. 402. 
f Ann. des Sci. Ifat, 1829;-^ Phil. Mag., No. 58* Oct. 1831. 
t See Chapters vi, jdi. viii. aibd ixt 
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remained uniform from the earliest periods; they may 
then attempt to compare the tf&cts of siAiterranean 
movements in ancient^and modern times by reference 
to one common standard*; and to show tliat, during 
ffic time required for the production of a certain num- 
ber of lava currents, or, of so manyMubic yards of sedi- 
ment, the elevation and depression of the earth’s crust 
were once much greater than they, are now. Or, if 
they premise tl]at the progressive rate of'chrfnge of 
species in the animal and vegetable kingdoms had been 
always uniform, they may then endeavour to prove the 
diminished energy of earthquakes, by showing that, in 
relation to the periods connected with the changes of 
organic species, earthquakes had become comparatively 
feeble. 

But those who contend for the reduced activity of 
natural agents, have not attempted to support this line 
of lygument ; cor does our scanty acquaintance, both 
with the animate and inanimate world, M^arrant such 
generalizations. That it would be most premature, in 
the present state of natural history, to reason on the 
comparative rate of fluctuation in the species of or- 
ganic beings in ancient and modern times, or at any 
two geological periods, will be more fully demonstrated, 
when 1 come, in the next book, to consider the inti- 
mate connexioiv betj»eci\ Geology and the study of 
the present condition of ^ the animal and vegetable 
kingdoms. 

To conclude : it seems to be render/id probable, by 
the views above explained, that the constant repair of 
the land, and the subser^^ency of our planet to the 
support of terrestrial as w^ll as aqyiatic species^ are 
secured by the eleva^^ng <and depressing power of 
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causes acting in the interior of the earth ; which, al- 
though so^flen the« source of death and terror to the 
inhabitants of the globe — visitiA^, in succession, every 
zone, and filing tlie earth^whli monuments of ruin and 
disorder — are, nevertheless, the agents of a conserv- 
ative principle above all others psscntial to the stability 
of the sysfcm. 
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BOOK III. 

CHAPTER I. 

. * 

CHANGES OP T^E ORGANIC WORLD NOW IN Wo^RESS. 

Division of the subject — Examination of the question, Whether 
species have a real existence in nature ? — Importance of this 
question in geology — Sketch of Lamarck’s arguments in 
favour of the transmutation of species, and his conjectures 
respecting the origin of existing animals and plants (p. ^07.) — 
His theory of the transformation of the orang outang into 
the human species. 


Xhk> last boolf was occupied with the consideration 
of the changes bropght about on the earth's surface, 
within the period of human observation, by inorganic 
agents ; such, fqr example, as rivers, marine currents, 
volcanos, and earthquakes. But there is another class 
of phenomena relating to the organic world, which have 
an equal claim on our attention, if we desire to obtain 
possession of all the preparatory knowledge respecting 
the existing couvse o^^natiire, which may be available 
in the interpretation of geological pionuments. It ap- 
peared, from our preliminary sketch of the progress of 
the science, that the most lively interest was excited 
among its earlier cultivators, by the discovery of the 
remains of animals and pli^^ts in the interior of moun- 
tains frequently remote from the sea* Much contro- 
versy arose respecting the nAture of /hese remains, the 
(Causes which may have brought them into so singular 
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a position, the want of a specific agreement between 
them and known aninials*and pl^ts. To qualify our- 
selves to firm just views pi!^the^e curious questions, 
we must first study the present condition cf the animate 
creation on the glob^. • 

This branch of our inquiry daturally divides itself 
into two parts : first, we may examine the vicissitudes 
to whic^ species are subject ; secondly, the processes 
by which certain individuals of these species occasion- 
ally become fossil. The first of these divisions will 
lead us, among other topics, to inquire, first, whether 
species have a real permanent existence in nature ? 
or whether they are capable, as some naturalists pre- 
tend, of being indefinitely modified in the course of a 
long series of generations? Secondly, whether, if 
species have a real existence, the individuals com- 
posing them have been derived originally from many 
similar stocks, or each from one only, the descend^ts 
of which have spread themselves* gradually from a 
particular point over the habitable lands and waters? 
Thirdly, how far the duration of each sjfecies of animal 
and plant is limited by its dependence on certain fluc- 
tuating and temporary conditions in the state of the 
animate and inanimate world ? Fourthly, whether there 
be proofs of the successive extermination of species in 
the ordinary course of tiatuit, an3 whether there be 
any reason for conjecturing that new animals and 
plants are created from time to time, to supply their 
place ? ® , 

Whether species have a real existence in nature. — 
Before we can advance a stej^ in our proposed inquiry, 
we mtist be able t8 define precisely the meaning which 
we attach to the term species. This is even more • 
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necessary in geology than in the ordinary studies of the 
nat^iralist; for they ^ho deny th*at such a thing as a 
species exists, concede nevertheless that a«botanist or 
zoologist may reascwi as if t^e specific character were 
constant, because they confine their observations to a 
brief period of time. 'Just as the geograp/ier, in con- 
structing his maps from century to century, may pro- 
ceed as if the apparent places df the /ixed stars 
remained absolutely the sarrte, and as if no alteration 
were brought about by the precession of the equinoxes ; 
so, it is said, in the organic world, the stability of a spe- 
cies may be taken as absolute, if we do not extend our 
views beyond the narrow period of -human history ; but 
let a sufficient number of centuries (^lapse, to allow of 
important revolutions in climate, physical geography, 
and other circumstances, and the characters, say they, 
of the descendants of common parents may deviate 
indefinitely frdm their original type. 

Now, if th<?se doctrines be tenable, we arc at once 
presented with a principle of incessant change in the 
organic world ;• and no degree of dissimilarity in the 
plants and animals which may formerly have existed, 
and are ^ound fossil, would entitle us to conclude that 
they may not have been the prototypes and proge- 
nitors of the species now living. Accordingly, M. 
Geoifroy St. Hilairb* has declared his opinion, that 
there has been an uninterrupted succession in the 
animal kingdom, effected by means of generation, from 
the earliest ages of the world up to lUie present day ; 
and that the onciept aniv^als whose remains have been 
preserved in the strata, however different, may never- 
theless have been the ancestors of those now in being. 

^Tfhis notion is not very’ generally received, but we are 



Ch.'l.> A HEAL EXISTENCE IN NATURE. 407 

» 

not warranted in assuming the contrary, without fully 
explaing fdc data a^d r^asonin^ by which it may^ be 

refuted* . 

• 

I shall begin by stating'* as con'tiscly possible all 
the facts and ingenious arguments by which the theory 
has been sjy>ported*; and for tWs purpose I cannot do 
better tlian offer the reader a rajnd sketch of Lamarck's 
statement of the ^proofs which* he regards as confirm- 
atory oT tlie doctrine, and which he has derived partly 
from the works of his predecessors,, and in part from 
original investigations. 

Ilis proofs and inferences will be best considered in 
the order in which they appear to have influenced his 
mind, and I shall then point out some of the results to 
which he was led while boldly following out his prin- 
ciples to their legitimate consequences. 

LamarcJts arguments in favour of tJw transmutation 
of species , — The name of species, observes Lamarck, 
has been usually applied to “ e\cry collection of 
similar individuals produced by other individuals 
like themselves.” * This dehnition, , he admits, is 
correct ; because every living individual bears a very 
close resemblance to those from which it springs. 
But this is not all which is usually implied by the term 
species ; for the majority of naturalists agree with 
Linnaeus in supposing tjiat aj) the individuals propa- 
gated from one stock have certain distinguishing cha- 
racters in common, which will never vary, and whicli 
have remained the^.same since the creation of each 
species. . ^ 

In order to shake this opinion, Lamarck enters upon 

the following line, of argui^^nt: — The more we ad- 

« 


* Phil, ,Zool. tom. i. p. 54. 
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vance in th^ knowledge of the different organized 
bodies which cover the surface of the glob£, the more 
our embarrassment incr^^es, to determine |«^hat ought 

be regard|;d as species, and still more how to 
limit and distinguish* genera. In proportion as our 
collections are enriched, we see'^almost ^every void 
filled up, and all our lines of separation effaced ; we 
are reduced to arbitrary determinatbns, and are some- 
times fain to sebse upon theltelight differences of^mere 
varieties, in order to form characters for what we 
choose to call a species ; and sometimes we are induced 
to pronounce individuals but slightly differing, and 
which others regard as true species, to be varieties. 

The greater the abundance of natural objects as- 
sembled together, the more do we discover proofs that 
every thing passes by insensible shades into something 
else : that even the more remarkable differences are 
evahescent, aAd that nature has, for the most part, 
left us nothing aUour disposal for establishing dis. 
tinctions, save trifling and, in some respects, puerile 
particularities. • 

We find that many genera amongst animals and 
plants are Q^uch an extent, in consequence of the 
number of&ecies referred to them, that the study 
and detercBiation of these last has become almost 
impracticable. **Wtfdn the spfpcies are arranged in a 
series, and placed near to each ofher, with due regard 
to their natural affinities, they each differ in so minute 
a degree from those next adjoining, 4hat they almost 
melt into each other, *an^are in a manner confounded 
together. If we see isolated species, we may pre- 
sume the absence of sonfe more closely connected, 
^and which have not yet been discovered. Already 
are there genera, and even entire orders — nay, whole 
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classes, which present nn approximation to the state 
of things hsre indicated. 

If, when species have been thus placed in a regular 
series, we Select one, and then, •making a leap over 
several intermediate ones, we take* a second, at some 
distance from the fnret, tlfese twp*will, on comparison, 
be seen to he very dissimilar ; and it is in this manner 
that every naturalist begins to sj:udy the objects whicli 
are at his own door. He |lien finds it^n easy task to 
establish generic and specific distinctions ; and it Js 
only when his experience is enlarged, and when he 
has made himself master of the interme4iatc links, 
that his difficulties and ambiguities begin. But while 
we arc thus compelled to resort to trifling and minute 
characters in our attempt to separate spedies, we find 
a striking disparity between individuals which we 
know to have descended from a common stock ; and 
these newly acquired peculiarities are regularly trans- 
mitted from one generation to another, constituting 
what are called races. 

From a great number of facts, contini\es the author, 
we learn that in proportion as the individuals of one of 
our species change their situation, climate, and man- 
ner of living, they change also, by little and little, the 
consistence and proportions of their parts, their form, 
their faculties, and even their^ orgs^pization, in such a 
manner that every thing In them comes at last to par- 
ticipate in the mutatidns to w£ich they have been ex- 
posed. Even in tlie same climate, a great difference of 
situation and exposure causes individuals to vary; but 
if these individuals continue live and to be repro- 
duced under the same difference of circumstances, 
distinctions are brought about iii them which become 
in some degree essential to their existence. In a 

VOU II- T 
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word, Rt the end of many successive generations, 
these individuals, which originally belonged to another 
speides, are transfoiinied ifito a new and distinct 
species,* / • , 

, Thus, for •example, if the seeds of a grass, or any 
other plant which grows natttrallyjn a moist meadow, 
be accidentally transported, first to the slope of some 
neighbouring hill, where the soil, although at a greater 
elevation, is damp enough to allow the plant, to live ; 
and if, after flaving lived there, and having been 
several times regenerated, it reaches by degrees the 
drier and almost arid soil of a mountain declivity, it 
will then, if it succeeds in growing, and perpetuates . 
itself for a series of generations, be so changed that 
botanists who meet with it will regard it as a particular 
specics.f The unfavourable climate in this case, de- 
ficiency of nourishment, exposure to the winds, and 
other causes, ^give rise to a stunted and dwarfish race, 
witTi some organ more developed than others, and 
having proportion^ often quite peculiar* 

What nature brings about in a great lapse of time, 
wc occasion suddenly by changing the circumstances 
in which a species has been accustomed to live. All 
are aware ty^egetables taken from their birth-place, 
and cultit^hjpd in gardens, undergo changes which ren- 
der them lid recognizable as the same plants. 

Many whicl? were naturally liairy become smooth, or 
nearly so ; a great number of such as were creepers 
and trailed along the ground, rear their stalks and 
grow erect. Others* lose their thorns or asperities; 
^^rs, again, from the Hj^neous state which their stem 
^lifeessed in hot climafeg, where they were indige- 


* PhiL Zool., tom. i, p. 62 * 
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nous, pass to the herbaceous; and, among them, some 
which wei^ percnnigls become mere annuals. So well 
do botanists know the effects df such changes oP cir- 
cumstances, that they arc averte to describe species 
from garden specimens, unless they are sure that they 
ha\"e been cultivattJtl for* a ver\; short period. 

“ Is not* the cultivated wheat” ( Triticum 
asks Lamarck, % vegetable bvought by man into the 
state in which we now see it? Let any one tell me in 
what country a similar plant grows wild, unless where if 
has escaped from cultivated fields ? Whore do we find 
in nature our cabbages, lettuces, and other culinary ve- 
getables, in the state in which they appear in our gar- 
dens ? Is it not the same in regard to a great quantity 
of animals which domesticity has changed or consider- 
ably modified ?” * Our domestic fowls and pigeons 
are unlike any wild birds. Our domestic ducks and 
geese have lost the faculty of raising themselves^into 
the higher regions of the air, and^ crossing extensive 
countries in their flight, like the wild ducks and wild 
geese from which they were originally derived. A 
bird which we breed in a cage cannot, when restored 
to liberty, fly like others of the same species which 
have been always free. This small alteration of cir- 
cumstancejs, however, has only diminished the power 
of flight, without modi|yirig,the*^rn> of any part of 
the wings. But when individuals of the same race 
are retained in captivity during a considerable length 
of time, the form even of their parts is gradually 
made to differ^ especially if clinf^te, nourishment, and 
other circumstances be also f^tered. 

The numerous ^raccs of dogs which we have pro- 


* Phil. Zool., tom. i. p. 227. 
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duced by domesticity are nowhere to be found in *a 
wild state. In nature we should i^eek in vain for mas- 
tiffs* harriers, spanielft greyhounds, and other races, 
between which the diJerehccs are sometimes so great, 
that they would be readily admitted as specific be- 
tween wild animals ; <^;yet all* these have sprung ori- 
ginally from a single race, at first approa(3hing very 
near to a wolf, if, in4eed, the wolf be not the true 
type which at some period or other was domesticated 

. ft * 

by man. 

Although • important changes in the nature of the 
places which they inhabit modify the organization of 
animals as well as vegetables ; yet the former, says 
Lamarck, require more time to complete a consider- 
able degree of transmutation; and, consequently, we 
arc less sensible of such occurrences. Next to a di- 
versity of the medium in which animals or plants may 
live,#, the circumstances which have most influence in 
modifying their organs are differences in exposure, 
climate, the nature of the soil, and other local parti- 
culars. These , circumstances are as varied as are the 
characters of the species, and, like them, pass by in- 
sensible shades into each other, there being every 
intermedSate gradation between the opposite extremes. 
But each locality remains for a very long time the 
same, and is altared f © slowly that we can only become 
conscious of the reality of the change by consulting 
geological monuments, by which we learn that the 
oMer of things which now reigns in eaph place has not 
prevailed, and«by inference anticipate that it 
will not always continue same.* 

Every considerable alteration in Jhe local ciryum- 
.* * 

V 

* Phil. Zool., tom. i. p. 232. 
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stances in^which each race of animals exists causes a 
change in their wants, 'and tl^se new wants eiicite 
them to ilew actions anc^ habit^ These actions re- 
quire the more frequent employment ^f some parts 
before but slightly .exercised, aAd then greater deve- 
lopment fallows as a consequence of their more 
frequent use. Other organs no longer in use are im- 
poveri^ed and diminished in size, nay, are sometimes 
entirely annihilated, while in their place new pafts 
are insensibly produced for the discharge of new 
functions.* 

I must here interrupt the author’s argument, by 
observing, that no positive fact is cited to exemplify 
the substitution of some en^rely new sense, faculty, or 
organ, in the room of some other suppressed as use- 
less. All the instances adduced go only to prove that 
the dimensions and strength of member^ and thejier- 
fection of certain attributes may, in a long succession 
of generations, be lessened and edfeebled by disuse ; 
or, on the contrary, be matured and augmented by 
active exertion ; just as we know that the power of 
scent is feeble in the greyhound, while its swiftness of 
pace and its acuteness of sight are remarkaUe — that 
the harrier and stag-hound, on the contrary^ are com- 
paratively slow in their moveme^Js, but excel in the 
sense of smelling. * 

It was necessary to point 5ut to the reader this im- 
portant chasm in the chain of evidence, because he 
might otherwise* inAagine that I had merely omitted 
the illustrations for the sak^uf brevity, but the plain 
truth is, that there were ho plamples to be found ; and 
when* Lamarck talks *‘of qfibrts of internal senti- 


* Phil. Zool., tom. i. p. 234, 
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ment,” « the influenee of subtle fluids/* and acts of 
orgoinization/’ us cau^s whcfeby* animals and plants 
may acquire nmo oi^am^ be substitutes tmmes for 
things; and, vith a«disregard to the strict rules of in- 
duction, resorts to fictions, as id^eal as the ‘‘plastic 
virtue,” and other phantoms, of the geologists of the 
middle ages. 

It is evident that, if some well-authenticated facts 
could have been adduced to establish one complete 
step in the process of transformation, such as the ap- 
pearance, in individuals descending from a common 
stock, of a sense or organ entirely ne^y, and a complete 
disappearance of some other enjoyed by their progeni- 
tors, time alone might then be supposed sufficient to 
bring about any amount of metamorphosis. The gra- 
tuitous assumption, therefore, of a point so vital to the 
theory of transmutation, was unpardonable on the part 
of its advocate. 

But to proceed Vith the system: it being assumed 
as an undoubted fact, that a change of external cir- 
cumstances mhy cause one organ to become entirely 
obsolete, and a new one to be developed, such as never 
before belonged to the species, the following propo- 
sition is •announced, which, however staggering and 
absurd it may seem, is logically deduced from the 
assumed prmnises. It h not* the organs, or, in other 
words, the Irature and fcflrn of the parts of the body of 
an animal, which have given rise to its habits, and its 
particular faculties ; j^ut, on the contrary, its habits, 
its manner of living, andethose of its progenitors, have 
in the course of time determined the form of its body, 
the number and condition of its ofgans, in sboVt, the 
faculties which it enjoys. Thus otters, beavers, water- 
turtles, and frogs, were not made web-footed in 
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order that they might swim ; but their wants having 
attracted %em to 4he ^ater in search of prey, they 
stretched^out the toes of their%et to strike the frater 
and move rapidly along fts surfftce. the repeated 
stretching of their toes,^the ski^ which united them at 
the base acquired’ a habit of»extension, until, in the 
course of time, the broad membranes which now con- 
nect their extremities were formed. 

lii like manner, the antelope and* the gazelle were 
not endowed with light agile forms, in order that they 
might escape by dight from carnivorous animals ; but, 
having been exposed to the danger of being devoured 
by Hons, tigers, and other beasts of prey, they w^ere 
compelled to exert themselves in running with great 
celerity ; a habit which, in the course of many gener- 
ations, gave rise to the peculiar slenderness of their 
legs, and the agility and elegance of their forms. 

The camelopard was not gifted with a long ilexiblc 
neck because it was destined to Uve in the interior of 
Africa, %vhere the soil was arid and devoid of herbage; 
but, being reduced by the nature of that country to 
support itself on the foliage of lofty trees, it contracted 
a habit of stretching itself up to reach the high boughs, 
until its fore legs became longer than the finder, and 
its neck so elongated that it could raise its head to 
the height of twenty feet abovd^he ground. 

Another line of , argument is then entered upon, in 
further corroboration of the instability of species. In 
order, it is said, that individuals sliould perpetuate 
themselves unaltered by generation, those belonging 
to one species ought never^to ally themselves to those 
of another; buteuch sexufd unions do take place, both 
among plants anck animals ; aftd although the offspring 
of such irregular connexions are usually sterile, yet 
. T 4 
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such is not always the case. Hybrids have some- 
times proved prolific, where tl;e disparity between the 
species was not too gfeat ; and by this me|ps alone, 
says Lamarck, varietfes may gradually be created by 
near alliances, ^'which” would become races, and in the 
course of time would constitute whal'we term species.* 

But if the soundness of all these arguments and 
inferences be admitted^ we are next»to inquire, what 
were the original types of form, organization, ^ and 
instinct, from which the diversities of character, as now 
exhibited by animals and plants, have been derived ? 
We know that individuals which are mere varieties of 
the same species would, if their pedigree could be 
traced back far enough, terminate in a single stock; 
so, according to the train of reasoning before described, 
the species of a genus, and even the genera of a great 
family, must have had a common point of departure. 
What then, was the single stem from which so many 
varieties of form have ramified ? \^ere there many of 
these, or are we to refer the origin of the whole 
animate crcatioi\i as the Egyptian priests did that of 
the universe, to a single egg ? 

In the absence of any positive data for framing a 
theory on %o obscure a subject, the following consider- 
ations wjpi^eemed of importance to guide conjecture. 

place, if*we pxamjne the whole series of 
known aniniila^ from one q^tremit^ to the other, when 
they are arranged in the order of their natural rela- 
tions, we find that we may pass progsessively, or, at 
least, with very few "interruptions, from beings of 
more simple to those of more compound structure ; 
and, in proportion as the oomplexit}^ of their organ- 
•• • 

* Fhil. Zool.> p« 64. 
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ization increases, the number and dignity of their 
faculties increase ako. , Among plants, a similar ap- 
proximatif»n to a graduated scata of being is apparent. 
Secondly, it appears, fron! geolo^cal observations, that 
plants and animals of more simpje organization existed 
on the globe befoVe the appearance of those of more 
compound* structure, and the latter were successively 
formed at more modeihi periods : each new race being 
more^ fullj" developed than the most perfect of the 
preceding era. 

Of the truth of the last-mentioned geological theory, 
Lamarck seems to have been fully persuaded ; and he 
also shows that lie was deeply impressed with a belief 
prevalent amongst the older naturalists, that the 
primeval ocean invested the whole planet long after it 
became the habitation of living beings ; and thus he 
was inclined to assert the priority of the types of ma- 
rine animals to those of the terrestrial, *so as to ftincy, 
for example, that the testacea of, the ocean existed 
first, until some of them, by gradual evolution, were 
improved into those inhabiting the land. 

These speculative views had already been, in a great 
degree, anticipated by Demaillet in his Telliamed, and 
by several modern writers; so that the tables were 
completely turned on the philosophers of antiquity, 
with whom it was a t^eiued Iflaxirti, that created 
things were always qiost pei/ect when they came first 
from the hands of their Maker ; and that there was a 
tendency to progressive deterioration in sublunary 
things when left to themselj^s ~ 

*omnia fatis 

In pejus ruere, ac rcjru sublapsa referri. 

• * . 

So deeply was the faith of the ancient schools or 
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philosophy imbued with this doctrine, that, to checlc 
this universal proneness to tl^geifteracy, ndthing less 
than* the re-intervervtVon of the Deity thought 
adequate ; and it wjft held,* that thereby the order, 
excellence, and pristine energy of the moral and 
physical world had been repeatedly 'restored. 

But when the possibility of the indefinite modifi- 
cation of individuals descending from common parents 
was once' assunied, as also the geological* inference 
respecting the progressive development of organic life, 
it was natural that the ancient dogma should be re- 
jected, or rather reversed, and that the most simple 
and imperfect forms and faculties sho'uld be conceived 
to have been the originals whence all others were 
developed. Accordingly, in conformity to these views, 
inert matter was supposed to have been first endowed 
with life; until, in the course of ages, sensation was 
supet added to* mere vitality : sight, hearing, and the 
other senses were afterwards acquired ; then instinct 
and the mental faculties ; until, finally, by virtue of the 
tendency of things to progressive improvement^ the 
irrational was developed into the rational. 

The reader, however, will immediately perceive 
that when^all the higher order of plants and animals 
were thus supposed to be comparatively modern, and 
have been d6rivd? in «a \ot\g series of generations 
from those of more simple conformation, some further 
hypothesis became indispensable, in order to explain 
why, after an indefinite lapse of ages,* there were still 
so many beings of the* si^^plest structure. Why have 
the majority of existing areatures remained stationary 
throughout this long succcision of epochs, while others 
^liave made such prod igfous advances ? Why are there 
such multitudes of infusoria and polyps, or of confervae 





transmutation of rfecies. 


419 


and other cryptogamic plants? Why, moreover, has 
the proctss of development acted with such unequj^ 
and irregular force on those ^qlasses of beings Vhich 
have been greatly perfected, ^ that there are wide 
chasms in the series ; gaps so enormous, that Lamarck 
fairly admits we •dan never («cpect to fill them up by 
future discoveries ? 

The following hypothesis was provided to meet these 
objedtioifs. Nature, wc are told, is not an intelligence, 
nor the Deity; but a delegated power — a mere instru- 
ment — a piece of mechanism acting by necessity — 
an order of things constituted by the Supreme Being, 
and subject to 'laws which are the expressions of his 
will. This Nature is obliged to proceed gradually in 
all her operations; she cannot produce animals and 
plants of all classes at once, hut must always begin by 
the formation of the most simple kinds, and out of 
them elaborate the more compound, * adding ti^ them, 
successively, difierent systems of prgans, and multiply- 
ing more and more their number and energy. 

This Nature is daily engaged in the formation of the 
elementary rudiments of animal and vegetable exist- 
ence, which correspond to what the ancients termed 
spemixtmom generation. She is always beginning anew, 
day by day, the work of creation, by forming monads, 
or “ rough draughts % (ebacich8l), Which are the only 
living things she gjves birth to diret^. 

There are distinct primary rudiments of plants and 
animals, and probaMp of each of the great divisions of 
the animal and vegetable jyn^oms.* These are gra * 
dually developed into tb% higher and more perfect 
classes by the* slofw but unceasing agency of two 

* Animaux sans Vert tom. i. p. S6, Intiododtlon. 
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influential principles : first* the tendency to progressive 
advancement in organization, accompanied greater 
digniQr in instinct, inlelligence, &c.; secondly, tlw 
force of external circulnstahcesy or of variations in the 
physical condition of the earth* or the mutual relations 
of plants and animals. JPor, as species spread them- 
selves gradually over the globe, they are expbsed from 
time to time to variations in climate^ and to changes 
in the quantity and quality of their food ; they* meet 
with new plants and animals which assist or retard 
their development, by supplying them with nutriment, 
or destroying their foes. The nature, also, of each 
locality, is in itself fluctuating ; so tHat^ even if the 
relation of other animals and plants were invariable, 
the habits and organization of species would be modi- 
fied by the influence of Ipcal revolutions. 

Now, if the first of these principles, the tendency to 
progreedve development^ were left to exert itself with 
perfect freedom, it ^uld give rise, says Lamarck, in 
the course of ages, to a graduated scale of being, where 
the most insens\]bl& transition might be traced from 
the simplest to the most compound structure, from 
the humblest to the most exalted degree of intelli- 
gence. Bdt, in consequence of the perpetual inter- 
ference of tl)e external cames before mentioned, this 
regular order is gireatl^ interfered with, and an approx- 
imation only to such a statp of thinjgs is exhibited by 
the animate creation, the progress of some races being 
retarded by unfavourable, and that of .others accele- 
rated by favourable, edmbinations of circumstances. 
Hence, all kinds of anomal^s interrupt the continuity 
of the plan; and chasms, into which ivhole genera or 
families might be insertc-d, lire seen to separate the 
nearest existing portions of the series. 
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* Lamarck* s theory of the tranrformation of iht Orcmg" 
OuUmg imto the hut^an ^edes — Such is the machinery 
of the Lamarckian system ; bift.the reader will hdrdly, 
perhaps, ^e able to form a pei^ect conception of so 
complicated a piece of mechanism^, unless it is exhibited 
in motion, so that* we may in what manner it can 
work out,* under the author’s guidance, all the extra- 
ordinary effects v^hich we bcliold in the present state 
of the*anhnate creation. I have only^space for exhibit- 
ing a small part of the entire process by which a com- 
plete metamorphosis is achieved, and shall, therefore, 
omit the mode by which, ailer a countless succession 
of generations, h small gelatinous body is transformed 
into an oak or an ape ; passing on at once to the last 
grand step in the progressive scheme, by which the 
orang-outang, having been already evolved*^ut of a 
monad, is made slowly to attain the attributes and 
dignity of man. * • 

One of the races of quadrumsyious animals which 
had reached the highest state of perfection, lost, by 
constraint of circumstances (concerning the exact na- 
ture of which tradition is unfortunately silent), the 
habit of climbing trees, and of hanging on by grasping 
the boughs with their feet as with hands. ,*T^he indi- 
viduals of this race being obliged, for a long series of 
generations, to use th^ir feqt exislusively for walking, 
and ceasing to employ their^hands as feet, were trans- 
formed into bimanous animals; and what before were 
thumbs became,mere toes, no separation being required 
when their feet were used solely for walking. Having 
acquired a habit of holding themselves upright, their 
legs luid feet assqined^ insensibly, a conformation fitted 
to support them in an eredt altitude, till at last these^ 
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animals could no longer go on alUfours without roucli 
inconvenience. ^ ^ 

TRe Angola orang (^imia troglcdytes^ Linn.) is the 
most perfect of animiRs; much more so than the Indian 
orang {Simia Satyrm)^ whidi has been called the 
orang-outang, although* dofA are injhi&r to man 

in corporeal powers and intelligence. Ifhese ani- 
mals frequently hold lliemselves upright; but their 
organization has^ not yet been sufiiciently modfri^d to 
sustain them habitually in this attitude^ so that the 
standing posture is very uneasy to them. When the 
Indian orang is Compelled to take flight from pressing 
danger, he immediately falls down upon all-fours, show- 
ing clearly that this was the original position of the 
animal. Even in man, whose organization, in the 
course of a long series of generations, has advanced so 
much farther, the upright postbre is fatiguing, and can 
be supported bnly for a limited time, and by aid of 
the contraction of* many muscles. If* the vertebral 
column formed the axis of the human body, and sup- 
ported the head and all the other parts in equilibrium, 
then might the upright position be a state of repose: 
but, as the human head does not articulate in the cen- 
tre of gravity, as the chest, belly, and other parts press 
almost entirely forward with their whole weight, and 
as the vertebral *cohifhn reposes upon an oblique base, 
a watchful a(jtivity ia^ required Xp prevent the body 
fVon® falling. Children which have large heads and 
prominent bellies can hardly walk at«thc end even of 
two years ; and their f¥|^uent tumbles indicate the 
maim to resume the 

^ Now, when so rauch**^ro^ess had beeh made by the 
quadrumanous animals before mentioned, that they 


natural tendency in 
state. ' ‘ ‘ ' 


quadrupedal 
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could hold themselves habitually in an erect attitude, 
and were’ accustomed to a wide range of vision, and 
ceased to^use their jaws for fighting and tearing, &r for 
clipping herbs for food, their srftiut became gradually 
shorter, their incisor teeth became vertical, and the 
facial angle grew*more open. ^ 

Among other ideas which the natural tmdmcy to 
perfection engendered, the desire of ruling suggested 
itself, ^nd this race succeeded at length in getting the 
better of the other animals, and made themselves mas- 
ters of all those spots on the surface of the globe 
which best suited them. They drove out the animals 
which approached nearest them in organization and 
intelligence, and which were in a condition to dis- 
pute with them the good things of this world, 
forcing them to take refuge in deserts, wwods, and 
wildernesses, where their multiplication was checked, 
and the progressive development of th^ir faeuWes re- 
tarded; while, in the mean time* the dominant race 
spread itself in every direction, and lived in large 
companies, where new wants were successively cre- 
ated, exciting them to industry, and gradually perfect- 
ing their means and faculties. 

In the supremacy and increased intelliger^ce acquired 
by the ruling race, we see an illustration of tlie natu- 
ral tendency of the o^ania wottd td grow more per- 
fect ; and, in tlieir ^influence in repressing the advance 
of others, an exaniple of one of those disturbing causes 
before enumerated, that force of external circumstaTwes^ 
which causes such wide qj^ashis in the regular series 
of animated being. 

When the individuals of the dominant race became 
very numerous, tjieir ideas ^eatly increased in num- 
ber, and they felt the necessity of communicating them 
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to each other^ and of augmenting and varying the signs 
proper for the communicatiop of* ideas. Meanwhile 
the Inferior quadruinahous animals, although most of 
them were gregariout, acquh-ed no new ideas* being 
persecuted and restless in the deserts, and obliged to 
fly and conceal themseh'^es, so that’ they conceived no 
new wants. Such ideas as they already hadi remained 
unaltered, and they could dispense wkh the communi- 
cation of the greater part of these. To make*^tl;iem- 
selves, therefore, understood by their fellows, required 
merely a few movements of the body or limbs — whis- 
tling, and the uttering of certain cries varied by the 
inflexions of the voice. 

On the contrary, the individuals of the ascendant 
race, animated with a desire of interchanging their 
ideas, which became more and more numerous, were 
prompted to multiply the means of communication, 
and were no longer satisfied with mere pantomimic 
signs, nor even witl\ all the possible inflexions of the 
voice ; but made continual efforts to acquire the power 
of uttering articulate sounds, employing a few at first, 
but afterwards varying and perfecting them according 
to the increase of their wants. The habitual exercise 
of their thfpat, tongUe, and lips, insensibly modified the 
conformation of these organs, until they became fitted 
for the faculty of sp€«ch.» ^ 

In effecting this mighty„ change,^ ‘^the exigencies of 
the individuals were the sole agents ; they gave rise to 
efforts, and the organs proper for artioulating sounds 
were developed by theit^abitual employment.” Hence, 
in this peculiar race, the or^n of the admirable faculty 
of speech ; hence also the diversity of languages, since 


Lamarck's Phil Zool., p. S56. 
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Uie distance of places where the individuals composing 
the race ^stablisheil themselves soon favoured the 
corruption of conventional signJ.* ’* 

In conclusion, it may be jiroptAr to observe that the 
above sketch of the Lamarckian tfieory is no exagger- 
ated picture, and those passages which have probably 
excited thS greatest surprise in the mind of the reader 
are literal translations from the original. 

« 

' Lamarck's Phil. Zool., tom. i. p. S57. 
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Kccapitnlatioii of the arguments in favour of the theory of trans* 
mutation of species* — Their insufiicicncy — Causes of difli- 
culty in discriininaiing species — Some varieties possibly more 
distinct than certain individuals of distinct species (p.-liJi?.) — 
Variability in a species consistent with a belief that the limits 
of deviation are iixed — No facts of transmutation authen- 
ticatCHl — Varieties of the Dog — The Dog and Wolf distinct 
species — Mu inn lies of various animals from £,i(ypt identical in 
character with living individuals (p. 4 3 9.) — Seeds and plants 
frotfj the Egyptian tombs — Modifications produced in plants 
by agriculture and g^ardening. 


The theory of the transmutation of species, consi- 
dered in the last chapter, has met with some degree of 
favour from many naturalists, from their desire to dis- 
pense, as far as possible, with the repeated intervention 
of a First Cause, as often as geological monuments attest 
the successive ftppeSranoe of new races of animals and 
plants, and the extinction of tho^e pre-existing. But, 
independently of a predisposition to account, if pos- 
sible, for a series of changes in the organic world by 
the regular action of sejppndary causes, we have seen 
that in truth many perplaicing difficulties present them- 
selves to one who attempt^ to establish the nature and 
^reality of the specific**character. ♦And if once there 
appears ground of reasonable doubt, in regard to the 
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constancy of species, the amount of transformation 
which thly are capably of undergoing may seem to 
resolve it|elf into a mere quesfion of the quantity of 
time assigned to the pa§t duration of animate exist- 
ence. ^ ^ 

Before entering* upon the ^reasons which may be 
adduced for rejecting Lamarck's hypothesis, I shall 
recapitulate, in a few words, the phenomena, and the 
who^e'\raTn of thought, by which 1 conceive it to have 
been suggested, and which have gained for this and 
analogous theories, both in ancient and modern times, 
a considerable number of votaries. 

In the first place, the various groups into which 
j)lants and animals may be thrown seem almost inva- 
riably, to a beginner, to be so natural, that he is 
usually convinced at first, as was Linnmus t(«he last, 
that genera arc as much founded in nature as the 
species which compose them.”’*^ Whcfti, by examining 
the numerous intermediate gradations, the student 
finds all lines of demarcation to be in most instances 
obliterated, even where they at first appeared most 
distinct, he grows more and more sceptical as to the 
real existence of genera, and finally regards them as 
mere arbitrary and artificial sigKl&s, invented, like those 
which serve to distinguish the heavenly constellations, 
for the convenience ^f classifftatioti, and having as 
little pretensions tq reality.# 

Doubts arc then engendered in his mind as to 
whether species may not also be equally unreal. The 
student is probably first sy;uck with the phenomenon, 
tliat some individuals are qiade to deviate widely from 

* Genus onine eft naturale, in pritnordio tale creatum, 

Phil. Hot. § 159. Sec also ibid. § 162. 
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the ordinary type by the force of peculiar circum- 
stancesy and with the still mor^ extraordinary fact, that 
the hewly acquired peculiarities are faithfully trans- 
mitted to the offspring. How far, he asks, may such 
variations extend in the course of indefinite periods of 
time, and during great idcissitudes In the physical con- 
dition of the globe? His growing incertitude is at first 
checked by the reflection, that nature has forbidden 
tlic intermixture of the descendants of distinct original 
stocks, or has, at least, entailed sterility on their off- 
spring, thereby preventing their being confounded 
together ; and pointing out that a multitude of distinct 
types must have been created in the beginning, and 
must have remained pure and uncorrupted to this 
day. 

Relykg on this general law, he endeavours to solve 
each difficult problem by direct experiment, until he is 
again ^ astounded by the phenomenon of a prolific 
hybrid, and still moare by an example of a hybrid per- 
petuating itself throughout several generations in the 
vegetable world. He then feels himself reduced to 
the dilemma of choosing between two alternatives; 
either to reject the test, or to declare that the two 
species, from the union of which the fruitful progeny 
has sprung, were mere varieiies. If he prefer the lat- 
ter, he ijj^mpeUed fo qu^stioi^ the reality of the dis- 
tinctness W all other supposed spates which differ no 
more than the parents of such prolific hybrids: for 
although he may not be enabled immediately to pro- 
cure, in all such instances, « fruitful offspring ; yet 
experiments show, that gfter repeated failures, the 
union of two recognized species m^y at last, under 
very favourable circum^nces, givq, birth to a fertile 
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progeny. Such circumstances, therefore, the naturalist 
may conceive to havp occurred again and again, in the 
course of a great lapse of ages. * • * 

His first opinions are now Vairiy unsettled, and every 
stay at which he has caught has 'given way one after 
another ; he is in ^danger of filling into any new and 
visionary dbetrine which may be presented to him ; for 
he now regards c^ery part of tiie animate creation as 
void of^ stability, and in a state of continual fluK. In 
this mood he encounters the Geologist, who relates to 
him how there have been endless vicissitudes in the 
shape and structure of organic beings in former ages — 
how the approach to the present system of things has 
been gradual — that there has been a progressive de- 
velopment of organization subservient to the purposes 
of life, from the most simple to the most ^nomplex 
state — that the appearance of man is the last pheno- 
menon in a long succession of events; amd finally^ that 
a scries of physical revolutions cap be traced in the 
inorganic world, coeval and coextensive with those of 
organic nature. • 

These views seem immediately to confirm all his 
preconceived doubts as to the stability of the specific 
character, and he begins to think there m^ exist an 
inseparable connexion beti^een a series of changes in 
the inanimate world, and the^capMiility of the species 
to be indefinitely modified by. the influence of external 
circumstances. Henceforth his speculations know no ^ 
definite bounds he gives the rein to conjecture, and 
fancies that the outward. form, Internal structure, in- 
stinctive faculties, nay, that^ reason itself may have 
been gradually di^veloped from some of the simplest 
states of existence — that all aifimals, that man himself, 
and the irrational beings, may have had one common 
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origin; that all may be parts of one continuous and 
progressive scheme of develj pmt^nt, from^ the most 
imperfect to the more ♦complex ; in fine, he renounces 
his belief in the high genealogy of his species, and 
looks forward, as if in compensation, to the future 
perfectibility of man iq> his physical, intellectual, and 
moral attributes. ^ 

Let us now proceed to consider ewhat is defective 
in evidence, and what fallacious in rcasonhig, in the 
grounds of these strange conclusions. Blumenbach 
judiciously observes, that “ no general rule can be laid 
down fur determining the distinctness of species, as 
there is no particular class of characters wliich can 
serve as a criterion. In each case we must be guided 
by analogy and prchahility^ The multitude, in fact, 
and coukvplexity of the proofs to be weighed, is so 
great, that we can only hope to obtain presumptive 
evide&ce, and we must, therefore, be the more careful 
to derive our general views as much as possible from 
those observations where the chances of deception are 
least. We niu^t be on our guard not to tread in the 
footsteps of the naturalists of the middle ages, who be- 
lieved the doctrine of spontaneous generation to be 
applicable j:o all those parts of the animal and vegetable 
kingdoms which they least tlgiderstood, in direct con- 
tradiction t^jtlic amdogy of all the parts best known 
to them; an® who, wheij. at length they found that 
insects and cryptogamous plants were also propagated 
from eggs or seeds, still persisted ia- retaining their 
old prejudices respectihg^the infusory animalcules and 
other minute beings, the generation of which had not 
then been demonstrated by the microscope to be go- 
verned by the same law%. ‘ 

Lamarck has, indeed, attempted to raise an argument 
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inr favour of his system, out of the very confusion 

which has ^risen in the study of some orders of animals 
and plants, in conse4uente of t^e slight shades of« dif- 
ference wfiich separate (he* ne^ species discovered 
within the last half century. That the embarrassment 
of those who attetopc to* classify and distinguish the 
new acquisitions, poured in such multitudes into our 
museums, should increase with the augmentation of 
their number, is quite natural ; since to obviate^this it 
is not* enough that our powers of discrimination should 
keep pace with the increase of the objects, but we 
ought to possess greater opportunities of studying each 
animal and plant in all stages of its growth, and to 
know profoundly their history, their habits, and phy- 
siological characters, throughout several generations; 
for, in proportion as the series of known animals 
grows more complete, none can doubt that there is a 
nearer approximation to a graduated scale of being; 
and thus the most closely allied species will belbund 
to possess a greater number of chatacters in common. 

Causes of the difficulty of discriminaling specks, — 
But, in point of facj:, our new acquisitions consist, 
more and more as we advance, of specimens brought 
from foreign and often very distant and barbarous 
countries. A large propOTtion have never \jven been 
seen alive by scientific inquirer!^ Instead of having 
specimens of the youn^, the 'adult, and the aged indi- 
viduals of each sex, •and possessing means of investi- 
gating the anatomical structure, the peculiar habits, 
and instincts of *each, what is usually the state of our 
information ? A single spefpimen, perhaps, of a dried 
plant, or a stuffed bird or q^druped ; a shell, without 
the soft parts of tlie animal ; ap insect in one stage of 
its numerous transfbrmations ; -1 these are the scanty* 
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and imperfect data which the naturalist possesses* 
Such information may enable us to separj^te species 
whiah stand at a considerable distance from each other; 
but we have no right^.o expept any thing but difficulty 
and ambiguity, if we attempt, from such imperfect 
opportunities, to obtain distinctive imarks for defining 
the cliaracters of species which are closely (related. 

If Lamarck could introduce so much certainty and 
precision into the classification of several, thousand 
species of recent and fossil shells, notwithstanding 
the extreme remoteness of the organization of these 
animals from the type of those vertebrated species 
which are best known, and in the absence of so many 
of the living inhabitants of shells, wc arc led to form 
an exalted conception of the degree of exactness to 
which s^gcific distinctions are capable of being carried, 
rather than to call in question their reality. 

When our (Jata are so defective,- the most acute 
naturalist must expect to be sometimes at fault, and, 
like the novice, to hverlook essential points of differ- 
ence, passing unconsciously from one species to an- 
other, until, like one who is borne along in a current, 
he is astonished, on looking back, at observing that he 
has readied a point so remote from that whence he 
set out. • t 

It is by no means ImpFob^le, that, when the series 
of species of certain genera isVery full, they may be 
found to differ less widely* from each other than do the 
mere varieties or races of certain species. If such a 
fact could be established, it would, undoubtedly, dimi- 
nish the chance of our'^btoining certainty in our 
results; but it would by means overthrow our con- 
fidence in the reality of«spacies. 

« Sime mere varieties possibly mare disHnU than certain 
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individwils cf distinct species* — It is almost necessary, 
indeed, suppose ^that varieties will differ in some 
cases more decidedly than some^ species, if we aftlmit 
that thcr^ is a graduated .sdlle a£ being, and assume 
that the following laws prevail in*the ec^buomy of the 
animate creation:*— firsf, that^lhe organization of in- 
dividuals is capable of being modified to a limited 
extent by the force of external causes ; secondly, that 
these ri^odifications are, to a certain extent, transmis- 
sible to their offspring ; thirdly, that there are fixed 
limits, beyond which the descendants from common 
parents can never deviate from a certain type ; fourthly, 
that each species* springs from one original stock, and 
can never be permanently confounded by intermixing 
with the progeny of any other stock ; fifthly, that each 
species shall endure for a considerable periodLaf time. 
Now, let us assume, for the present, these rules hypo- 
thetically, and see what consequences .may naUirally 
be expected t;p result from themr> 

We must suppose that, when the Author of Nature 
creates an animal or plant, all the possible circum- 
stances in which its descendants are destined to live 
are foreseen, and that an organization is conferred 
upon it which will enable the species to perpetuate 
itself, and survive under a^ the varying circumstances 
to which it must be inevitably texpe^ed. Now, the 
range of variation of circumstances will differ essen- 
tially in almost ever^ case. Let us take, for example, 
any one of the iqost influential conditions of existence, 
such as temperature. sortie extensive districts 
near the equator, the thermVmeter might never vary, 
throughout several thousanS centuries, for more than 
20° Fahrenheit ; so that i# a plant or animal be pro- 
vided with an organization fitting it to endure such a 
VOL. II. u 
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range, it may continue on the globe for that immensb 
period, j^though every individ ial, might bc^ liable at 
once^to be cut off by the least possible excess of heat 
or c^old beyond the ^determinate degree. * But if a 
species be pldbed in^ one of the temperate zones, and 
have a constitution conferred on* H capable of sup- 
porting a similar range of temperature oflly, it will 
inevitably perish before, a single yearjias passed away. 

Hmpboldt ha? shown that, at Cumana, within the 
tropics, there is a difference of only four decrees 
(Fahr.) between the temperature of the warmest and 
coldest months ; whereas at Quebec and Pekin, in the 
temperate zones, the annual variation amounts to 
about 60°. 

The same remark might be applied to any other 
conditiqc^ as food, for example: it may be foreseen 
that the supply will be regular throughout indefinite 
periods in one part of the world, and in another very 
precarious and fluctuating both in kind ,and quantity. 
Different qualifications may be required for enabling 
species to live for a considerable time under circum- 
stances so changeable. If, then, temperature and food 
be among those external causes which, according to 
certain laws of animal and vegetable physiology, 
modify thd organization, fo^^m, or faculties of indivi- 
duals, we instantly p^^rceive that the degrees of varia- 
bility from a common standard must differ widely in 
the two cases above supposed ; sid'ce tliere is a neces- 
sity of accommodating a species in one case to a mucli 
greater latitude of cirtumstances than in the other. 

If it be a law, for instkhce, that scanty sustenance 
idiould check those indiviSiials in their growth which 
are t^nabled to accomm^odate themselves to privations 
diis kind, and that a parent/ prevented in this 
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ftianner from attaining the size proper to its species, 
should piy)duce a dwarfish offspring, a stunted race 
will arise, as is remarkably ext^plified in some farie- 
ties of the horse and dog. *Th& difference of stature 
in some races of dogs, when Compai^d to others, 
is as one to five indinear dimensions, making a differ- 
ence of a* hundred-fold in volume.* Now, there is 
good reason tq believe that species in general arc by 
no me^nsf susceptible of existing under a diversity of 
circdmstances, which may give rise to such a disparity 
in size, and, consequently, there will be a multitude of 
distinct species, of which no two adult individuals can 
ever depart so widely from a certain standard of dimen- 
sions as the mere varieties of certain other species — 
the dog, for instance. Now, we have only to suppose 
that what is true of size, may also hold in •regard to 
colour and many other attributes ; and it will at once 
follow, that the degree of possible discordance between 
varieties of the same species may, in certain cases, 
exceed the utmost disparity which can arise between 
two individuals of many distinct specicys. 

The same remarks may hold true in regard to 
instincts ; for, if it be foreseen that one species will 
have to encounter a great variety of focs^’it may be 
necessary to arm it witlj^great cunning and circum- 
spection, or with courage or^othw qmlities capable of 
developing themselves on certain occasions ; such, for 
example, as those 'migratory instincts which are so 
remarkably exhibited at particular periods, after they 
have remained dormant^ for nlhny generations. The 
history and habits of one variety of such a species may 
often differ more; consideml^ly from some other than 

* Cuvier, Disc. Prelim., p.128. sixth edition. 
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tliose of many distinct species which have no sucH 
latitude of accommodation to circumstances. ^ 

EMmt of krmvn vamability in species. — Lamarck 
has somewhat misstated th(> idea commonlly enter- 
tained of a spet:ies ; fdr it is not true that naturalists in 
general assume that the organlzationr of an animal or 
plant remains absolutely constant, and that it^:an never 
vary in any of its parts.* All must bp aware that cir- 
cumstances influence the habits, and that thc/habits 
may alter the state of the parts and organs ; but* the 
difference of opinion relates to the extent to which 
these modifications of the habits and organs of a par- 
ticular species may be carried. * 

Now, let us first inquire what positive facts can be 
adduced in the history of known species, to establish 
a great ao/i permanent amount of change in the form, 
structure, or instinct of individuals descending from 
some qpmmon stock. The best authenticated examples 
of the extent to which species can be made to vary 
may be looked for in the history of domesticated ani- 
mals and cultivated plants. It usually happens, that 
those species, both of the animal and vegetable king- 
dom, which have the greatest pliability of organization, 
those whicii are most capable of accommodating them- 
selves to a great variety oi^new circumstances, are 
most serviceable .to man, ^ These only can be carried 
by him into different climates, and can have their pro- 
perties or instincts variously diversified by differences 
of nourishment and habits. If the ^-esources of a 
species be so limited, afid its bahits and faculties be of 
such a confined and locaPcharacter, that it can only 


* Phil, ZotJl., tom. i. p. 266 . 
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Nourish in a few particular spots, it C!in rarely be of 
great ut^ity. 

We may consider, tAereforg, that, in perfecting the 
arts of domesticating animals gind cultivating plants, 
mankind have first selected those speAies which have 
the most flexible •frambs and*constitutions, and have 
then been engaged for ages m conducting a series of 
experiments, with much patience and at great cost, to 
asccr^ii^ what may be the greatest ^possible (deviation 
froiti a common type which can be elicited in these 
extreme cases. 

Varieties of tJte dog — no transnmtatioii , — The mo- 
difications produced in the different races of dogs 
exhibit the influence of man in the most striking point 
of view. The^ie animals have been transported into 
every climate, and placed in every varietyjjf circum- 
stances ; they have been made, as a modern naturalist 
observes, the servant, the companioy, the guardian, 
and the int^ate friend of man, and the power of a 
superior genius has had a wonderful influence, not only 
on their forms, but on their manners and intelligence.* 
Different races have undergone remarkable changes in 
the quantity and colour of their clothing : the dogs of 
Guinea are almost naked, while those of the arctic 
circle are covered with ^warrn coat both* of hair and 
wool, which enables them to bear the^most intense cold 
without in convenience. Inhere are differences also of 
another kind no le^ remarkable, as in size, the length 
of their muzzles, and the convexity of their foreheads. 

But, if we look for some of those essential changes 
which would be required*fo lend even the semblance 


* Dpreau de la Malle, AArs. Sci. Nat., tom. xxi. p. 63. 
SepLlSSO. • * 
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of a foundatioii for the theory of Lamarck, respecting 
the growth of new organs and the gradual obliteration 
of others, we find nothiij^ of thh kind. For, in all these 
varieties of the dog, nays^Covier, the relation of the 
bones with ea^-'h otlver remains essentially the same ; 
the form of the teeth nfcver changes in any perceptible 
degree, except that, in some individuals, onemdditional 
false grinder occasionally appears, sometimes on the 
one si(^, and son^ctimes on the other.* The greatest 
departure from a common type — and it constituted the 
maximum of variation as yet known in the animal 
kingdom — is exemplified in those races of dogs which 
have a supernumerary toe on the hind foot with the 
corresponding tarsal bones; a variety analogous to one 
presented by six-fingered families of the human race.f 

Lamarc^jli: has thrown out as a conjecture, that the 
wolf may have been the original of the dog; but helms 
adduced no dat^ to bear out such an hypothesis. “ The 
wolf,’* observes Dr. Prichard, and the dog differ, not 
only with respect to their habits and instincts, which 
in the brute creation are very uniform within the limits 
of one species ; but some differences have also been 
pointed out in their internal organization, particularly 
in the structure of a part of the intestinal canal.** j: 

Doimstic animals in Soui^America have reverted to 
their original ehqract&r.-^lt is well known that the 
horse, the ox, the boar, and other domestic animals, 
which have been introduced into Sfbuth America, and 
have run wild in many parts, have entirely lost all 
marks of domesticity, and have reverted to the original 
characters of their species^^But dogs have also become 

* Disc. Pr^K, p. 129. sixth edition. « f Ibid. • 

\ Prichard, Phys. Hist, of Mankind, voL i« p. 96'., who cites 
Professor Giil^^stodt. * 
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wild in Cuba, Hayti, and in all the Caribbean islands. 
In the course of the seventeenth century, they hunted 
in packs from twelve td fifty, gr more, in numbev, and 
fearlessly attacked herd^ of wil^ boars and other ani- 
mals. It is natural, therefore, to inquire to what form 
they reverted ? Now, they art* said by many travellers 
to have vesembled very nearly the shepherd's dog; 
but it is certain that they were never turned into 
wolvc^. 0 They were extremely savage, and their 
ravages appear to have been as much dreaded as those 
of wolves ; but when any of their whelps were caught, 
and brought from the woods to the towns, they grew 
up in the most perfect submission to man. 

Mummies of animals in Egyptian tombs identical widi 
species still liiSlng^ — As the advocates of the theory 

of transmutation trust much to the slow* and insensible 

<» 

changes which time may work, they are accustomed 
to lament the absence of accurate descriptions, and 
figures of p^irticular animals and plants, handed down 
from the earliest periods of history, such as might 
have afforded data for comparing the condition of spe- 
cies, at two periods considerably remote. But, fortu- 
nately, we are in some measure independent of such 
evidence; for, by a singular accident, the priests of 
Egypt have bequeathetbto us, in their* cemeteries, 
that information which the museums and works of the 
Greek philosophers hkve failed to transmit. 

For tho careful Investigation of these documents, we 
are greatly indebted to the skill and diligence of those 
naturalists who accompanied Ihe French armies during 
their brief occupation of Bfiypt : that conquest of four 
years, from which we roil^ date the improvement of 
the modern Egyptians m the arts and sciences, and 
the rapid progre^ which has been made of late in o«r 
u 4 
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knowledge o&^the arts and sciences of their remote 
predecessors. Instead of wasting their whoV^ time, as 
so mjpiy preceding travellers had clone, in exclusively 
collecting human mummies, Geoffrey ancf his asso- 
ciates examined diligently, and sent home great num- 
bers of embalmed bodies of ednseevated animals, such 
as the bull, the dog, the cat, the ape, the iehneumon, 
the crocodile, and the ibis. ^ 

To those who have never been accustomenl to con- 
• * ^ ^ ^ ^ 
nect the facts of Natural History with philosophical 

speculations, who have never raised their conceptions 
of the end and import of such studies beyond the mere 
admiration of isolated and beautiful olgects, or the ex- 
ertion of skill in detecting specific differences, it will 
seem incredible that amidst the din of arms, and the 
stirring excitement of political movements, so much 
enthusiasm could have been felt in regard to these 
precious reraain|;. 

In tile official report, draivn up by the professors of 
the Museum at Parts, on the value of these objects, 
there are some eloquent passages, which may appear 
extravagant, unless we reflect how fully these natural- 
ists could appreciate the bearing of the facts thus 
brought toJight on the past history of the globe. 

‘‘ It seemi,” say they, “ aayf the superstition of the 
ancient Egyptians hai^been mspired by Nature, with 
a view of transmitting to after a§es a monument of her 
history. That extraordinary and whimsical people, by 
embalming with so much care the brutes w’^hich were 
the oQects of their stupid adoration, have left us, in 
their sacred grottos, cabiif^s of zoology almost com- 
plete. The climate has hpnspired with the art of 
embalming to preserve th^ bodies from corruption, and 
w^ can now assure ourselves by ouV own eyes what 
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Vas the state of a great number of species three thou- 
sand ye^s ago. We can scarcely restrain the trans- 
ports of^ur imagination, on beholding thus preserved, 
with their minutest bones, witlf the smallest portions 
of their skin, and in every particular most perfectly 
recognizable, many an animal, which at Thebes or 
Memphist two or three thousand years ago, had its own 
priests and altars.* 

Anfcn^ the Egyptian mummies tlms procured were 
not only those of numerous wild quadrupeds, birds, 
and reptiles ; but, what was perhaps of still higher 
importance in deciding the great question under dis- 
cussion, there were the mummies of domestic animals, 
among which those above mentioned, the bull, the dog, 
and the cat, were frequent. Now, such was the con- 
formity of the whole of these species to •those now 
living, that there was no more difference, says Cuvier, 
between them than between the humati mumimics and 
the embalmed bodies of men of the present day. Yet 
some of these animals have since that period been 
transported by man to almost every clvnate, and forced 
to accommodate their habits to the greatest variety of 
circumstances. The cat, for example, has been carried 
over the whole earth, and, within the laj^ three cen- 
turies, has been natur^ized in every part of the 
new world, — from the; cold* regions of Canada to the 
tropical plains of Guiana ; .yet it has scarcely under- 
gone any perceptible mutation, and is still the same 
animal which was held sacred by the Egyptians.^ 

Of tlie ox, undoubtedly, Jhere are many very distinct 
races: but the bull Apis, ^which was led in solemn 
• » * 

* Ann. du Museum d*Hist.*Nali^ torn. i. p. 234. 1^02. The 
reporters were MM. OUvier, Lac^pede, and Lamarck. • 
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processions b/'{he Egyptian priests, did not differ from' 
some of those now living. The blqck cattle that have 
run wild in America, ^feere th*ere were manjjr peculi- 
arities in the climate Hot th be found, perhaps, in any 
part of the oKl world, and where scarcely a single 
plant on which they ted was*^ of precisely the same 
species, instead of altering their form and habits, 
have actually reverted jto the exact^ likeness of the 
aboriginal wild cattle of Europe. ^ 

In answer to the arguments drawn from theEgyp'tian 
mummies, Lamarck said that they were identical with 
their living descendants in the same country, because 
the climate and physical geography bf the banks of 
the Nile have remained unaltered for the last thirty 
centuries. But why, it may be asked, have other 
individuals^ of these species retained the same charac- 
ters in so many different quarters of the globe, where 
the cliniate andtmany other conditions are so varied ? 

S(‘eds and pkints from tlm Egyptian t^mhs, — The 
evidence derived from the Egyptian monuments was 
not conffned to the animal kingdom; the fruits, seeds, 
and other portions of twenty different plants, were 
faithfully preserved in the same manner; and among 
these the Common wheat was procured by Delille, from 
closed vessVls in the sepil^hrcs of the kings, the 
grains of which retained not only tlieir form, but even 
their colour ; so effectual has proved the process of 
embalming with bitumen in a dry abd equable climate. 
No difterence could be detected betw;een this wheat 
and ^at which now grows in |Jic East and elsewhere, 
and similar identifica^tions "'^cre made in regard to all 
the other plants. • ^ 

NuHvi cou7dry of ^om'fnon wheat . — And here I 
iftay observe, that there is an obvidus answer to La- 
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*marck’s objection, that the botanist ^nnot point out 
a counti^'^ where H|e common wheat grows wild, unless 
in places where it may have liQcn derived from^ieigh- 
bouring cultivation.* All* naturalists arc well aware 
that the geographical distribution of a great number of 
species is extrerildly limited ;jliat it was to be expected 
that evei^ useful jdant should first be cultivated suc- 
cessfully in the country wherAJ it was indigenous ; and 
that, i|:)rf>bably, every station wliich it partially occu- 
piecl, when growing wild, w'ould be selected by the 
agriculturist as best suited to it when artificially in- 
creased. Palestine has been conjectured, by a late 
writer on the* Cerealia, to have been the original 
habitation of wheat and barley ; a supposition which 
appears confirmed by Hebrew and Egyptian traditions, 
and by tracing the migrations of the worsliip of Ceres, 
as indicative of the migrations of the plant.f 

If we are to infer that some one of 4he wilc^grasses 
has been transformed into tlie coti^mon wheat, and that 
some animal of the genus cants, still unreclaimed, has 
been metamorphosed into the dog, mprely because we 
cannot find the domestic dog, or the cultivated wheat, 
in a state of nature, we may be next called upon to 
make similar admissions in regard to the camel ; fdr it 
seems very doubtful whjilier any race of this species 
of quadruped is now wild. , ’ • 

Chantfcs in plants prodnqed hy cultivation , — But if 
agriculture, it will*be said, does not supply examples 
of extraordinai^ changes of form and organization, the 
horticulturist can, at least, apfleal to facts which may 

• Phil. Zoo], toi/5. i. p. 227^ 

t L'Origine et la ^atric des Ceredles, &c,, Ann. des Sci. 
tom. ix. p. 61. 
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confound the fSfeceding train of reasoning. The crab 
has been transformed into the apnl^ ; the slofe into the 
plum s flowers have di^Liegcd their colour, and^ become 
double ; and these nefv characters can be perpetuated 
by seed : a bifter plaht, with wavy sea-green leaves, 
has been taken from thq sea-side, Where it grew like 
wild charlock; has been transplanted into tHe garden, 
lost its saltness, and has been metamevphosed into two 
distinct,.vegetableS) as unlike each other as i% of^ch to 
the parent plant — the red cabbage and the cauliflower. 
These, and a multitude of analogous facts, are undoubt- 
edly among the wonders of nature, and attest more 
strongly, perhaps, the extent to which^specics may be 
modified, than any examples derived from the animal 
kingdom, hut in these cases we find that we soon 
reach cerUun limits, beyond which we are unable to 
cause the individuals descending from the same stock 
to vary^ while, lOn the other hand, it is easy to show 
that these extraordinary varieties could seldom arise, 
and could never be perpetuated in a wild state for 
many generation^, under any imaginable combination 
of accidents. They may be regarded as extreme cases, 
brought about by human interference, and not as 
phenomena* which indicate a capability of indefinite 
modification in the natural vi^ld. 

The propagation of & pl^nt by buds or grafts, and 
by cuttings, is obviously ^ mode which nature does 
not employ ; and this multiplication, as well as that 
produped by roots and layers, seems merely to operate 
as an extension of the life of an individual, and not as 
a reproduction of the species such as happens by seed. 
All plants increased by grofts or layers retain pre- 
cisely the peculiar qualities df the individual to which 
tlfey owe their origin, and, like an individual, they 
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liave only a determinate existence some cases 
longer, aid in others shorter,* It seems now admitted 
by horticulturists, that* none our garden varieties 
of fruit are entitled to be consklered strictly perma- 
nent, but that they wear out after a tim'Sf ; and we are 
thus compelled tUTesorl agait/to seeds : in which case 
there is s9 decided a tendency in the seedings to re- 
vert to the original type, that our utmost skill is some- 
times •d)£affled in attempting to recover the •desired 
variety. 

Varieties of the cabbage * — The different races of 
cabbages afford, as was admitted, an astonishing ex- 
ample of deviation from a common type ; but we can 
scarcely conceive them to have originated, much less 
to have lasted for several generations, without the 
intervention of man. It is only by strong manures 
that these varieties have been obtained, and in poorer 
soils they instantly degenerate. If, therefore, j^e sup- 
pose in a state of nature the seed^of the wild Brassica 
oleracea to have been wafted from the sea-side to some 
spot enriched by the dung of animt^ls, and to have 
there become a cauliflower, it would soon diffuse its 
seed to some comparatively sterile soils around, and 
the offspring would relapse to the likeness of the 
parent stock, like some ^^fidividuals which were seen 
growing, in 1831, on th^ cornice, of old London 
Bridge. 

But if we go so Tar as to imagine the soil, in the 
spot first occupied, to be constantly manured by herds 
of wild animals, so as 1;p conthme as ricli as that of a 
garden, still the variety co*uld noj; be maintained ; be- 
cause we know |hat each i of these races is prone to 
» • 

* Smith’s Introduction to Botany* p. 138. Edit. 1807. ^ 

t See Mr. Knight’s Observations, Hort. Trans., voLii. p.360. 
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fecundate otWi'S, and gardeners are compelled to exert 
the utmost diligence to prevent cross-bre«ds. The 
interinixture of the polien of varieties growing in the 
poorer soil around would soon destroy the peculiar 
characters of tSie rac® which occupied the highly ma- 
nured tract; for, if diese a*ccidcnts so continually 
happen, in spite of our care, among the cftl inary va- 
rieties, it is easy to sep how soon this cause might 
obliterate every iparked singularity in a wikUstgte. 

Besides, it is well known that, althougl* the i' .aai- 
pered races which we rear in our gardens sr use or 
ornament may often be perpetuated I . :?ed, ''ct they 
rarely produce seed in such abundanev, or . , ^trolific 
in quality, as wild individuals; so fihe ^‘■lrc P 
man were withdrawn, the most fertile a ;* would 
always, in^the end, prevail over the more p "•iltk 
Similar remarks may be applied to the dou^ . flowers, 
which present §uch strange anomalie s to the botanist. 
The ovarium, in such cases, is fre(|uentl/ a’ >rtivc ; 
and the seeds, when prolific, are generally much fewer 
than where the flowers are single. 

Changes caused oysoi^ — Some curio js experiments, 
recently made on the production of blue instead of 
recL flowers* in the Hydrangea hortensis, illustr'^ie the 
immediate dffect of certain !|^ils on the colours of the 
calyx and petals.^ In •garden -mould or comport, C c 
flowers are invariably red; in srfme kinds of bog^earth 
they arc blue; and the same chafjge is always pro- 
duced by a particular sort of yellow loam. 

Varieties of the primnose . — Linnaeus w i of opinion 
that the primrose, oxlip,** cow slip, and polyanthus, 
were only varieties of the ^me species. The majority 
of modern botanists, on the eontrary, consider them to 
b« distinct, -although some conceived that the oxlip 
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ihight be a cross between the cowsliiHind the prim- 
rose. Herbert has lately recorded the following 
experiment : — “I raise'd from^the natural seed of one 
umbel ot* a highly manured'red leowslip a primrose, a 
cowslip, oxlips of the usual and other colours, a black 
polyanthus, a hose-in-ho6e cowi^lip, and a natural prim- 
rose beariiSg its flower on a polyanthus stalk. From 
the seed of that very hose-in-hose cowslip, I have 
since r^i^c'd a hose-in-hose primrose.^ I thcrefo/e con- 
si def all i’ esc to he only local varieties, depending 
iipo3’ 'MAI and situation/* * Professor Henslow, of Cam- 
bric!” ^as siiict confirmed this experiment of Mr. 
Herbe rt ; so that wc have an example, not only of the 
remarkable varieties which the florist can obtain from 
a cormnou stod<, hut of the distinctness of analogous 
races fcaiul in a wild state, f ^ 

On w!iat particular ingredient, o** quality in the 
earth, these cliangcs depend, has not yet been ascer- 
tained, f Byt gardeners arc well aware that particular 
plants, when placed und^'r the influence of certain cir- 
cumstances, are changed in various we^s, according to 
the species ; and as often as the experiments are re- 
peated, similar results arc obtained. The nature of 
these results, however, depends upon the species, and 
they are, therefore, part of the specific character: they 
cxl ^he same phen^imena 4 again and again, and 
indh '^c.-ertain fixed And invariable relations between 
the physiological peculiarities of the plant, and the 
ii!fluciu,<; of certain external agents. They afibrd no 
groa»",d A qu ?stioning^ the instability of species, but 

* Hori. i> V'., vol, iv. p. 19# * 

t Loudoii*^ iUag? of Nat. Hist., Sept. 1830, vol. iii. p, 408. 
t Hort. 'I'rnns. vol. iii. p. 173. * • 
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rather the cflnlrary ; they present us with a class of 
phenomena which, when they ir^e more tiioroughly 
understood, may afford «ome of the best tests^for iden- 
tifying species, and pf oving that the attributes origin- 
ally conferred* endurj; so long as any issue of the ori- 
ginal stock remains upo^ the earth/ ' 
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specirs have a real existence in nature— 
continued, 

Vu .1 lability of a species compared to that of an individual — Species 
susceptible of modification may be altered greatly in a short 
time, and in a few generations; after which they remain sta- 
tionary — The animals now subject to man had originally an 
aptitude to domesticity — Acquired peculinrities wj^iich become 
hereditary have a close connexion with the habits or instincts of 
the species in u wild state (p, 453.) — Some qualities in certain 
animals have been conferred witli a view or their refotion to 
man — Wildflcphant domesticated in a«few years, but its facul- 
ties incapable of further development (p. 461.). 

• 

Variahility of a species compared to that of an indivi- 
dual , — I ENDEAVOURED, ill tlic last chapter, to show, 
that a belief in the reality of species is not iifconsistfint 
with the idea of a conside?1ible degree of variability in 
the specific character, opinioiv indeed, is little 

more than an extension of, the idea which we must 
entertain of the identity of an individual, throughout 
the changes which it is capable of undergoing. 

If a quadruped, inhalutii^ a*cold northern latitude, 
and covered with a warm coat i)f hair or wool, be 
transported to a southern climate, it will often, in the 
course of a few years, shed A ^considerable portion of 
its coat, which it ‘gradually recovers on being agaifl 
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restored to itis native country. Even there the sarAe 

changes are, perhaps, superinduced to a certain extent 
by tjie return of wint<jf and ^mmer. We know that 
the Alpine hare, {Lejf^AS variqpilis. Pal.,) and Aie ermine, 
or stoat, {Mmtela erminect^ Linn.,) become white during 
winter, and again obtain thifir full colour during the 
warmer season ; that the plumage* of the?' ptarmigan 
undergoes a like metamorphosis in coloiir and quantity, 
and tliat the change is equally temporary* ^"e arc 
aware that, if we reclaim some wild animal, and nlodif}* 
its habits and instincts by domestication, it may, if it 
escapes, become in a few years nearly as wild and 
untractable as ever ; and if the same individual be 
again retaken, it may be reduced to its former tame 
state. A plant is placed in a prepared soil, in order 
that the petals of its flowers may multiply, and their 
colour be heightened or changed; if we then withhold 
our care, the flowers of this same individual become 
again 'single. In these, and innumeri^3le other in- 
stances, we must suppose that the individual was pro- 
duced with a certain number of qualities ; and, in the 
case of aniniafs, with a variety of instincts, some of 
which may or may not be developed according to cir- 
civustunces, or which, after having been called forth, 
may againljecome latent when the exciting causes arc 
removed. ^ ' 

Now, the formation of rac^s seems the necessary 
consequence of such a capability in individuals to 
vary, if it be a general law that the offspring should 
very closely resemble the parent. But, before we can 
infer that there are no lixlkts to the deviation from an 
original type which may bdjbrought about in the course 
of an indeflnite number* of* generations, we ought to 
have some proof that, in each successive generation, 
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individuals may go on acquiring an equal amount of 
new peculiarities, under the influence of equal changes 
of circumstances. The halanc^ of evidence, however, 
inclines nfost decidedly on the o^osite side ; for in all 
cases we find that the quantity « of divergence dimi- 
nishes from the finst in a*very rapid ratio. 

Species ^usceptihU of modification may be greatly 
altered in a f&w generations , — It cannot be objected, 
that it is ^ut of our power to go on varying the cjrcum- 
stancies in the same manner as might happen in the 
natural course of events during some great geological 
cycle. For in the first place, where a capacity is given 
to individuals to adapt themselves to new circum^ 
stances, it does not generally require a very long 
period for its development ; if, indeed, such were the 
case, it is not easy to see how the modification would 
answer the ends proposed, for all the individuals would 
die before new qualities, habits, or jnstincts were 
conferred. ^ * 

When we have succeeded in naturalizing some tro- 
pical plant in a temperate climate, nothing prevents 
us from attempting gradually to extend its distribution 
to higher latitudes, or to greater elevations above the 
level of the sea, allowing equal quantities of time, .or 
an equal number of generations, for habiAiating the 
species to successive indi-ement^ of cold. But every 
husbandman and gardehcr is aware that such experi- 
ments will fail ; and* we are more likely to succeed in 
making some plants, in the course of the first two 
generations, supjiort a considerable degree of difference 
of temperature than a very fihiall difierence afterwards, 
though we persevere for m|hy centuries. 

It is the same if we take au^ other cause instead of 
temperature ; suck as the quality of the food, or the 
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kind of dangeia to which an animal is exposed, or the 
soil in which a plant lives. The alteration in habits, 
forqi^, or organization^ is ofthn rapid during a short 
period ; but when tlie cittumstances are made to vary 
further, though in «ever so slight a degree, all modi- 
fication ceases, and tho individual perishes. Thus some 
herbivorous quadrupeds may be made to f(?ed partially 
on fish or flesh ; but even these can never be taught to 
live on some herbs which they reject, and wkiqh would 
even poison them, although the same may be* very 
nutritious to other species of the same natural order. 
8o, when man uses force or stratagem against wdld 
animals, the persecuted race soon becomes more cau- 
tious, watchful, and cunning; new instincts seem often 
to be developed, and to become hereciitary in the first 
two or three generations : but let the skill and address 
of man increase, however gradually, no further vari- 
ation can take^ place, no new qualities are elicited by 
the increasing dangers. The alteration^ of the habits 
of the species ha*s reached a point beyond which 
no ulterior modification is possible, howeser indefinite 
the lapse of ages during which the new circumstances 
operate. Extirpation then follows, rather than such a 
transformation as could alone enable the species to 
perpetuate? itself under thoinew state of things. 

Animals now sul^et^ to ma'ft Iwd originally an aptitude 
to doinestmty,---^t has b*een ifell observed by M. F. 
Cuvier and M. Dureau de la Malic, that, unless some 
animals had manifested in a wild state an aptitude to 
second tlie efforts of man, their domestication would 
never have been attempted. *If they had all resembled 
the wolf, the fox, and the^ysena, the patience of the 
experimentalist would been exhausted by innu- 
jnerable failures before* he at last succeeded in obtain- 
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iilg some imperfect results ; so, if the fesl advantages 
derived fr(]p the cultivation of plants had been elicited 
by as tedious and costly proems as that by whic^| we 
now make? some slight ad4itional gnprovement in cer- 
tain races, we, should have remained to this day in 
ignorance of tha -greafer number of their useful 
qualities. » • * 

Acquired inktincts of some animals become heredU 
lary , — It jjs undoubtedly true, that many new^abits 
and (fualities have not only been acquired in recent 
times by certain races of dogs, but have been trans- 
mitted to their offspring. But in these cases it will 
be observed, that* the new peculiarities have an inti- 
mate relation to the habits of the animal in a wild 
state, and therel()re do not attest any tendency to de- 
parture to an indefinite extent from the original type 
of the species. A race of dogs employed for hunting 
deer in the platform of Santa FiJ, in Mexico, affords a 
beautiful illustration of a new hereditary instinct. 
The mode of attack, observes M. ftoulin, which they 
employ, consists in seizing the animal ly the belly and 
overturning it by a sudden effort, taking advantage of 
the moment when the body of the deer rests only upon 
the fore-legs. The weight of the animal thus thrown 
over is often six times that of its antagdhist The 
dog of pure breed inlflerits a, disposition to this 
kind of chase, and ne\^r attacks a deer from before 
while running. Evan should the deer, not perceiving 
him, come directly upon’ him, the dog steps aside and 
makes his assault on the Hank; whereas other hunting- 
dogs, though of superior strength and general sagacity, 
which are brought from Eur^^e, are destitute of this in- 
stinct. For want of similar, precautions, they are 
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often killed the deer on the spot, the vertebrae bf 
their neck being dislocated by the violence of the 
8ho(j?.* , I ' ^ 

A new instinct hai^also'become hereditary in a mon« 
grel race of ^ogs employed by the inhabitants of the 
banks of the Magdalena almdst exclusively in hunting 
the white-lipped pecan. The adflpess pfHhese dogs 
consists in restraining^ their ardour, and attaching 
themspives to no, animal in particular, but keeping the 
whole herd in check. Now, among these dogs 'some 
are found, which, the very first time they are taken to 
the woods, are acquainted with this mode of attack; 
whereas, a dog of another breed starts forward at once, 
is surrounded by the pecari, and whatever may be his 
strength is destroyed in a moment. 

Some qf our countrymen, engaged of late in con- 
ducting one of the principal mining associations in 
Mexico, that pf Real del Monte, carried out with 
them some English greyhounds of the ,best breed to 
hunt the hares wh\ch abound in that country. The 
great platform which is the scene of sport is at an 
elevation of about nine thousand feet above the level 
of the sea, and the mercury in the barometer stands 
habitually^ at the height of about nineteen inches. 

It was fodnd that the gieyhounds could not sup- 
port the fatigues of ^ long "chase in this attenuated 
atmosphere, and before ‘they/'could come up witli 
their prey, they lay down gasping for breath; but 
these same animals have produced whelps which have 
grown up, and are not in the least degree incom- 
moded by the want of deii!9ity*^in the air, but run down 

* ♦ 

* M. Rouliu, Ann. des Kat., tom. xvi. p.16. 1829. 
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tTie hares with as much ease as the fleethsf of th#ir race 
in this country. 

The fixed and deliberate stiapd of the pointer has 
with propriety been regardM mere modification 
of a habit, which may have been ^useful^o a wild race 
accustomed to wind game, ai^d steal upon it by sur- 
prise, first ^^ausing for an instant, in order to spring 
with unerring aipi. The faculty of the Retriever, 
howevQf,4nay justly be regarded as more inexplicable 
and less easily referrible to the instinctive passionil of 
the species. M. Majendie, says a French writer in a 
recently published memoir, having learnt that there 
was a race of dogs in England, which stopped and 
brought back ^ame of their own accord, procured 
a pair, and, having obtained a whelp from them, kept it 
constantly under his eyes, until he had an opportunity 
of assuring himself that, w'ithout having received any 
instruction, lyid on the very first day that it T^as car- 
ried to the clijise, it brought back ^ame with as much 
steadiness as dogs which had been schooled into the 
same manoeuvre by means of the whip ^nd collar. 

Such attainments, as well as the habits and disposi- 
tions which the shepherd’s dog and many others in- 
herit, seem to be of a nature and extent whibh we dan 
hardly explain by supposing them to be modifications 
of instincts necessary for tl\e pnescr^tion of the spe- 
cies in a wild state. 'When such remarkable habits 
appear in races of ’this species, we may reasonably 
conjecture that they were given with no other view 
than for the use of mai; and Idle preservation of the 
dog, which thus obtains pro^ctioiv 

Attributes of qnimals their relation to man . — 
As a general rule, I fully ag^ee with M. F. Cuvier, 
that, in studying^ the habits of animals, we musf 
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atteni(^t^as far Sts possible, to refer their domestic qua- 
lities to hiodifications of instincts which are implanted 
in th|m in a state of n^f'ure; dnd that writer has suc- 
cessfully pointed ou% in to .admirable essay on the 
domestication* of the mammalia, the true origin of 
many dispositions whith are* vulgan^ly attributed to 
the influence of education alone.* * But w^should go 
too far if we did not admit that sonje of the qualities 
of partjcular aniipals and plants may have brep given 
solely with a view to the connexion which it was lore- 
seen would exist between them and man — especially 
when we see that connexion to be in many cases so 
intimate, that the greater number, ahd sometimes all 
the individuals of the species which exist on the earth, 
are in subjection to the human race. 

We caq perceive in a multitude of animals, espe- 
cially in some of the parasitic tribes, that certain 
instincts and organs are conferred for tljc purpose of 
defence or attack against some other spegies. Now, if 
we are reluctant to suppose the existence of similar 
relations bietween man and the instincts of many of the 
inferior animals, we adopt an hypothesis no less violent, 
though in the opposite extreme to that which has led 
some to imagine the whole animate and inanimate 
creation to* have been mafle solely for the support, 
gratification, and^instr^iction df mankind. 

Many species, most hostile ^to our persons or pro- 
perty, multiply, in spite o^ our eflbfts to repress them ; 
others, on the contrary, are intentionally augmented 
many hundred-fold in number by our exertions. In 
such instances, we inust iiffhgine the relative resources 

* du Mus. d'HisU Ndt. --Jameson, Ed. New Phil. 

6j 7, 8. * t 
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of mail and of species, friendly or immfed ti ’ 

have boL?\ prospectively calculated and To 

withliolc^ assent to this 8up{>olll!ioni wduld be toteftise 
whdt He must grant ift respeft; to the eeonomy of 
Natmc m evtry other jart of the organic creation; 
for tli(‘ \tiriofis %p*cric8 of contemporary ]4anti 
animals ifave of5viously their relative force# 'ttteoly 
balamcd, and tlM*ir lespective tastes, pas8ion4fa||i,^*^ 
stinctsist) contrived, that they are •all in pei^frot jto* 
mony with each other. In no other monner coJjwNt 
happen tliat each species, surrounded, ^as it is^ by 
countless dangers, should be enabled to maintain its 
ground for penods of <*onsidcrab]c duration. 

The docility of the individuals of some of our do- 
mestic spefics, extending, as it does, to attainments 
fore ign to then natural habits and facultiesf may, pei^ 
haps, li«i\c boon conferred with a view to their ^ssts- 
ciation with man. But, lest species slfould b^tberCby 
made to vary indefinitely, we findLthat such habits are 
never transmissible by generation. 

A pig has been trained to bunt andspoint game with 
great nctiviiy and steadiness * ; and other learned in- 
dividuals, of the same species, have been taught tc 
spell , but such fortuitous acquirements n|Ver become 
hereditary, for they have no relation whatever to tbe 
exigencies of the animal a triid «tate, attd Caiatiol; 
therefore, be development*^ of any instinctive pro|>e&- 
sities • 

In/iuenre of^domesttcathn . — An animal in domiN^ 

* , ^ 

* In the New Forest, near Rmgwooi^ Hants, by Mir. 
keeper of Brooiny jLocIge. 1 Save convened witb wiMMIo 
the fact, * * 


VOL. n. 


X 



IKFJLUGVCE or DOME&nCATION 


CBooh III 


ticity, Cuvier, is not essentially in a differ- 

ent 8ltuatidn» fn regard to thi feeling of restnont, from 
one to itself* It Hvefta in society without constraint, 
beeau8e» without douot, it was a social animal ; and it 
conforms itself to titb will of man, because it had a 
chief, to which, in a wild state, itirould have yuUlcd 
obedience* There is nothing in its Hew situation that 
is not Conformable to its propensities; it is satisfying 
its wants by submission to a master, and makes no 
seCHifice of its natural inclinations. All the social ani- 
mals, when lefl: to themselves, form herds more or less 
numerous; and all the individuals of the same herd 
know each other, are mutually attached, and will not 
allow a strange individMal to join them. In a wild 
state, moreover, they obey some individual, which, by 
its superioeity, has become the chief of the Our 
domestic species had, originally, this sociatilMty of dis- 
position,; and m solitary specjjfs, howeVIpr^efeiBy it may 
be to (xme has yet afforded trtjef lilCiestic races. 
We merely, therefore, develope, own advantage, 
propensities whicW^opel the individuals of certain 
species tadraMyjnr to their fellows. 

The shcglPniich have reared is induced to 
^ folltt^yjifiplt we«|]4 iw M to follow the flock among 
WM brought up { and, when individuals of 
,iiii^^i^arious spCH^ have been accustomed to one 
master, ^ b (l<S ftlone whom they acknowledge as their 
*chief|*W whom they obey< “The elephant 

f lKashlf to be directed only by the carnac whom 
d^ted ; the dog itself, reared in solitude with 
er, manifesto a hostile disposition towards all 
and every body knows how dangerous it^is to 
B midst of a herd of cows, in pasturages that 
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arc little frequented, when they have iSot lit their hea^ 
the keeper who takijs care of them#” 

Kver^ thing, therefore, ten^a to convince UBj^that 
formerly men were only, with re^d to the domestic 
ai^miiLs, what those who are partteularly chai'ged with 
the care of them are — g&inely, members of the 
society whfeh th<*isc animals form among themselves ; 
and that they ar^ only distinguished, in the general 
mass bg She authority which they hove been enabled 
to assume from their superiority of intellect. Thus, 
every social animal which recognizes man as a member, 
and as the chief of its herd, is a domestic animal. It 
might even be sdid, that, from the moment when such 
an animal admits man as a member of its society, it is 
domec»ticatcd 7 «d& man could not enter into such a 
society without becoming the chief of it." 

But the ingenious author whose observations 1 have 
here cited, admits that die obedience which tlya inttl- 
viduals of magy domestic species yjeld indifferenUy to 
every person, is without analogy in any state of things 
which could exist previously to their subjugation by 
man. Each troop of wild horses, it is true, has some* 
stallion for its chief, who draws after him all the in- 
dividuals of which the herd is composed ;^l>ut, wlfen 
a domesticated horse lias passed from hand to hand, 
and has served several ma|ters,* lie Jiiecomes equally 
docile towards pehwn,^Hnd is subjected to the 
whole human race, dt seems fair to presume, that the 
capability in the instinct of the horse to be thus 
modified, was given to enable* the species to render 
greater services 'to man ; and", perljpps, the facility with 
which many other acquirec^characters become here- 

* Iif4ai. du Mui- d’Hiit. Kau 
X 2 
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ditaryt^yanous races of the horse, may be ex- 
plicable W)i|r on a like supposUi^n, The iinible, for 
cxaniple, a pace to wbidi the domestic races Spanish 
America are pclusi9ely traibed, has, in the course of 
seveMl generations, become hjBreditary,^md is assuirli^d 
by all the young colts Before they*^fe broken in. * 

It seems, also, reasonable to conclude, that the 
power bestowed on the horse, the f dog, the ox, the 
sheep, *the cat, and many species of domestiS ^wls, of 
supporting almost every climate, was given expressly 
to enable them to follow man throughout all parts of 
the globe, in order that we might obtain their services, 
and they our protection. If it be objected that the 
elephant, which, by the union of strength, intelligence, 
and docility, can render the greatest s€fl(vices to man- 
kind, is kcapahle of living in any but the warmest 
latitudes, we may observe, that the quantity of vegc- 
tsdde fpod re(]Uired by this quadruped would render 
its maintenance in*the temperate zJone too costly, and 
in the arctic impossible. 

Among thee, changes superinduced by man, none 
«^ppear, at 6rst sight, more remarkable than the perfect 
tameness of certain domestic races. It is well known 
tbSt, at hWever early an age we obtain possession of 
thb young of many unreclaimed races, they will retain, 
throughout life,ea cdnstderalble timidity and appre- 
hehsiveness of danger; ^whereas, after one or two 
generations, the descendants of ihe same stock will 
^bitually plaee the most implicit confidence in man. 
1%ete is gpoed teasop,* however, to suspect that such 
eVtmg0» ate act without analogy in a state of nature ; 

* BanHut de U Ann. de& Sci. tOm. xxi. p.58. 
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or, to speak more cor/ectly, in situa^ioils whcire min 
has not iifterfcrcd. • ^ 

Tlius,iDr. Hichardson inforA»u6> in his <|blc history 
oC tlio habits of North *Americfti tlnunal8^ tliat, “ in 
t«e retired parts of the.mountaihs, where the hunters 
had seldom ponctjkted^ thciul is no difli^culty in ap- 
proaching the ilocky Mountain shcep) which there 
exhibit Me umpUcity of charmiter so remarkable in the 
domfsitc%pecies s but where they hasre boon often fired 
at, tlicy are exceedingly wild, alarm their companions, 
on the a])proach of danger, by a hissing noise, ai;id 
scale the rocks with a speed and agility that baffles 
pursuit/’ * 

It is prob^e, therefore, that as man, in diffusing 
himself ovcTthc globe, has tamed many wild races, so, 
also, he has made many tame races wild* 4»Had some 
of the larger carnivorous beasts, capable of scaling the 
rocks, made their way into tlie North Americ^ moun- 
tains before^our hunters, a similar alteration in the 
instincts of the sheep would doubtless have been 
brought about. • 

WUd elephants domestkated in a few years* — * 
animal aftbrds a more striking illustration of the prin- 
cipal points which I hav^been endeavouring to esta- 
blish, than the elephant ; for, in tlm first p]ace> the 
wonderful sagacity with which tie aocommodates hini* 
self to the society of man,, and tlie new habits which 
he contracts, are fiot the result of tiipe, nc^r of modi- 
fications produced in the course of many generations. 
These animals will bread in dkptivity, as is now SiScer- 
tained, in opposition to vulgar opinion of many 
modern naturalists, and ft conformity to ihht of the 

* Faut^ Boreali-Ani&icaim,p* 273. 

X 3 




MODipCATlO'J )r fNSlINClS ^ [Boftlll 

ai^ientu ^lian ' and Columellfa ^ : ye*^ it has always 
been the ebitom» as the least ,exircnsive mode of ob- 
taining to captiftrl' wjlld individuals in tho foiests 

usually when jjjiill grown ; and,* in a few years aitci thn^ 
are taken — sometimes, it is said, in the space of a fc^v 
months — their education i$ complrjtpd. « 

Had the whole specite^becn domesticated from an 
barly period man' like the camel, 

thejj* silperior illHHpl^ would, doubtless, haf'c been 
ated to thsiP^g and familiar intercourse with 
rd of the eftation ; but wc know that a few years 
Rcicnt toJMHng about this wonderful change of 
Its; and, aMhough the same individual may con- 
tie to rcceW tuition for a century *)fterwards, yet 
makes notfHrther progress in the general develop- 
ment of its 4bcnl ties. Were it otherwise, indeed, the 
animal wa^hl soon deserve more than the poet’s epithet 
of ** halpN^sonlng/* 

Frovthc authority of our countrymen'^employed in 
the line Burmese war, it appears, in corroboration of 
Older accounts,* that, when elephants are required to 
execute extraordinary tasks, they may be made to 
understand that they will receive unusual rewards. 
Sonic favodrite dainty is sh^wn to them, in the hope 
of acquiring which the work i^ done ; and so perfectly 
does the nature of the* coptract appear to be under- 
stood, that the breach of it, on the^art of the master, 
is often attended with danger. In this case, a power 
has been given to the species to adapt their social 
instincts to new circumstances \dth surprising rajj^idity ; 
hut the extent of this* change is defined by strict and 


^ Mr. Cons on tli© Habits, otc. of the Elephant, Phil. Tran^. 




arbitrary limits. There^is no indication 6f 
to continied divergence from certliin at^iSraieis with 
which tl»^e ’elephant was original]|y enduedUmno ^ounit 
whatever for anticipating ^at> HI centh^ 

i/l?s, any material alteration coiil4 ev8r be effected* 
All that we can ibf^r from aiydogy is, that some more 
useful ancTpeculilar races ftiight probably, be formed, if 
the experiment ^ere fairly tried ; and that some indi- 
vidual pknracteristic, now only casual and temporary, 
might be perpetuated by generation. . , 

In all cases, therefore, where the domestic qualities ^ 
exist in animals, they seem to require no lengthened 
process for thdir development; and they appear to 
have been wholly denied to some classes, which, from 
their strength*hnd social disposition, might have ren- 
dered great services to man ; as, for e^pmple, the 
greater part of the quadrumana. The orang-oatang, 
indeed, which, for its resemblance in form to ^aan, 
and apparently for no other good reason, fias been 
assumed by Lamarck to be the most perfect of the 
inferior, animals^ has been tamed by^ the savage£)^of 
Borneo, and made to climb lofty trees, and to bri^ , 
down the fruit. But he is said to yield tq. m 
masters an unwilling obedience, and to be held in sub- 


jection only by severe difeipline. We Ubow nq|hing 

of the faculties of thi6*animal»whi^b can 

idea that it rivals the^plej^ant in intelligence 

less any thing which can countenance 

those who have fancied that it might haVe; 

muted into tlie dominant rate^” One pf 

of Sumatra {Sima 

docile, and is fr^uently fiwineu by the 
ascend trees, for the purpo8u,^f 
a service in whi^h the animal 'is 
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»^S^ y(»,j6k;Stamford Raji?es, the ripe nuts, witii 
pulls no more' tlian lie iS|Ordered.* 
ca^^ao mofikcys are, ac*cj[)rding to 
trees in the same manner, 
''%^''''^^\thr6w^down fruit on the banks of the low^-r 

hi for the Lanaarckiang<to expl^ how* It liappuns 
mt those same savages of Borneo have not themselves 
f ii^uire^, by dint longing, for many generations, for 
‘Ihn power of climbing trees, the elongated arms of the 
oraogror even the prehensile tails of some American 
monkeys* Instead of being reduced to the necessity 
of subjugating stubborn and un tractable brutes, wc 
diiould naturally have anticipated that their wants 
Y^ould have excited them to efibrts, and^'^'^i^t continued 
efforts would have given rise to new organs;’* or, rather, 
to the re-acquisition of organs which, in a manner 
iirreCbBcileable ^witli the principle of the progressive 
^tetu/hmre grown obsolete m tribes men which 
l^ye such constant need of them. 

foU%6, then, from different 
have been considered in this chapter, that 
period^of rime is generally sufficient to effect 
; change which an alteration of ex- 

. can tiling about in the habits of 

-tKftt Buch cajiaClty of accommodation to 
is enjoye^’' in very different de- 
apenies.* ^ » 

Appear to be bestowed exclusively 
destined to 

^ EquinocUal Regions of the 


ih III] 
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e^ist between diflereii^spccies and, 
between c^^taiif species and man; but th4)ia tttttelr ai^, 
always so ^nearly connected the orig^l hubiiia 

and propensities of eacb.spaciesaitl^ tbati 

tlj^y imply no indefinite capacit3( of varfJrS% from thO 
onginal t y j)c. The ^quifed habits derived from bumikli 
tuition ar(^ rarel^’Aransmkte^ to the offspring'; and 
Avhen this happens, it is almost universally tho ciase 
witli thoi^ mcrel^ which have some obvious coqnditmn 
with* the attributes of the species when in a stato.ol 
independence. 


END OF THE SECOND VODffME. 
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